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PREFACE. 


So  MANY  publications  upon  the  subject  of  the  British  Salmonidaj, 
treated  by  Fishery  Inspectors,  Zoologists,  Field  Naturalists  and 
Fish-culturists,  have  been  published  during  recent  years  that  it 
appears  almost  presumptuous  adding  another  to  their  number. 
But  owing  to  the  opportunities  so  freely  given  me  by  Sir  James 
Maitland,  Bart.,  for  collecting  information  at  his  unrivalled 
Howietoun  fish-farm,  and  his  kindness  in  instituting  many  and 
costly  experiments  among  this  class  of  fishes  when  he  deemed  them 
likely  to  obtain  valuable  results,  I  have  considered  it  might  not  be 
inappropriate  to  lay  those  results  along  with  other  investigations 
before  the  public,  in  the  hope  that  they  may  conduce  to  further 
research. 

It  has  been  increasingly  evident  to  me  for  some  years  that  one 
of  the  main  reasons  militating  against  the  successful  cultivation  of 
trout  (and  possibly  char)  in  this  kingdom  by  riparian  proprietors, 
has  been  the  confusion  into  which  these  forms  have  been  thrown  by 
naturalists,  who,  in  order  to  give  greater  accuracy  to  their  descriptive 
treatises  on  Museum  specimens,  have  subdivided  them  into  many 
species.  The  consequence  of  this  has  been,  that  fish-culturists  who 
have  accepted  the  statements  made,  have  been  constantly  attempt- 
ing to  introduce  new  species  into  their  waters  in  order  to  improve 
the  native  race.  For  the  zoologists  who  have  been  most  active  in 
raising  local  varieties  to  specific  rank  have  been  compelled  to  admit 
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that  they  all  very  commonly  mterbreed,  but  that  the  young  revert 
to  one  of  the  original  parents. 

External  form  or  colour,  or  internal  organization  (as  the  number 
of  csecal  appendages),  have  been  adduced  as  reasons  for  considering 
certain  trout  as  distinct  species.  In  the  following  pages,  however, 
I  have  brought  forward  instances  which,  I  believe,  show  that  all 
these  appearances  are  consequent  upon  local  surroundings,  and  how 
such  may  be  modified  at  will  by  changing  the  abode  of  the  fish. 

That  hybrids  do  occur  among  SalmonidiB  has  been  known  in  this 
country  for  upwards  of  two  centuries,  and  Sir  James  Maitland's 
experiments  distinctly  prove  that  they  may  be  fertile  for,  at  least, 
three  generations,  but  time  has  yet  to  show  for  how  long  this  will 
continue,  and,  likewise,  what  the  result  of  hybridization  may  be.  So 
far  as  investigations  have  gone  they  tend  to  demonstrate  that  hybrid 
races  do  not  revert  to  the  original  colours  of  either  parent. 

Artificial  fish  breeding  has  given  conclusive  evidence  that  with 
the  maturity  of  the  mother  the  size  of  the  eggs  of  these  fishes 
augment,  and  that  the  progeny  obtained  from  the  largest  ova 
produce  finer  and  more  quickly -growing  ofi'spring  than  in  such  as 
are  raised  from  smaller  eggs,  or  those  given  by  younger  or  more 
badly  nourished  mothers.  This  is  a  subject  of  great  importance  to 
the  fish-culturist,  as  showing  that  if  he  requires  fine  races  pedigree 
breeding  must  be  resorted  to ;  and  that  skill,  combined  with  oppor- 
tunity, can  produce  far  larger  trout  than  can  be  obtained  by  simply 
collecting  eggs  from  these  fish  while  living  in  their  native  streams. 
It  also  tends  towards  the  conclusion  that  a  race  may  deteriorate 
when  they  are  the  ofi'spring  of  young  parents. 

Riparian  proprietors  probably  may  improve  their  local  races  by 
the  introduction  of  fresh  blood,  but  when  numerous  small  and 
possibly  lean  trout  are  present  in  a  stream  or  lake,  such  may  be 
consequent  upon  insufificiency  of  food  caused  by  its  absence  or  due 
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to  there  being  too  many  tront  present  to  prey  upon  it.  ^Icre 
nninbcrs  in  n  fishery  do  not  invariably  give  a  true  indication  of 
its  condition. 

In  the  following  pages  I  have  collected,  and,  so  far  as  space 
would  admit,  have  inserted  the  opinions  which  have  been  held  from 
time  to  time  in  this  kingdom  upon  the  Salmonida),  and  in  order  not 
to  confuse  them  with  the  text,  have  placed  them  in  the  form  of 
notes.  Many  of  the  experiments  or  investigations,  with  the  e\ddence 
on  which  my  conclusions  were  made,  will  be  found  fully  detailed  in 
the  columns  of  The  Field,  or  in  The  Proceedings  of  the  Zoological 
Society  of  London,  to  which  the  reader  must  be  referred. 

The  cause  mentioned  below,*  and  which  has  not  (so  far  as  I  am 
aware)  yet  been  removed,  must  be  my  apology  for  the  illustrations 
having  been  drawn  by  myself.  The  fish  were  coloured  from  nature 
by  Miss  Florence  Woolward,  whose  accuracy  in  delineation  needs 
no  remark  as  it  speaks  for  itself.  Also  I  have  to  thank  Messrs. 
Hanhart  as  the  chromolithographers,  and  Messrs.  Norman  &  Son 
as  the  printers  of  this  publication. 

I  must  offer  my  best  thanks  to  Sir  James  Maitland  without 
whose  assistance  this  work  would  never  have  seen  the  light ;  he  has 
afforded  me  every  information  during  the  course  of  my  inquiries, 
and  furnished  me  with  specimens  for  examination  and  delineation. 

*  From  the  Secretary  to  the  Trustees  of  the  British  Museum: — "Dear  Sir, 
Having  referred  your  letter  of  tlie  13th  to  Dr.  Gilntlier,  I  learn  from  him  that  as 
both  you  and  he  are  engaged  in  preparing  a  publication  on  British  Fishes,  he 
thinks  it  inconvenient  and  against  the  interests  of  either  work  that  the  same  artist 
should  be  employed  on  both.  He  has  therefore  intimated  to  Mr.  Mintern,  that  if 
he  is  working  cuts  for  you,  he  will  engage  another  artist  for  himself.  This  is  a 
matter  which  cannot  be  considered  to  concern  the  Trustees. — Yours,  &c.,  E.  Bond, 
Auo-ust  20th,  1880."  Seven  years  have  now  elapsed  since  Dr.  Giinther,  Keeper  of 
the  Zoological  Collection  of  the  British  Museuvi,  induced  Mr.  Mintern  to  break  his 
ao-reement  and  cease  engraving  for  me  on  the  above  plea.  Dr.  Giinther's  work, 
stated  then  to  be  in  the  course  of  preparation,  has  not  yet  been  advertised  ! 
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While  Mr.  J.  Willis-Bund,  m.a.,  has  given  me  the  opportunity  of 
investigating  some  Cardiganshire  streams,  and  furnished  me  with 
considerable  information  during  the  progress  of  my  work  through 
the  press.  Mr.  Andrews  has  likewise  helped  me  in  my  inquiries 
at  his  famous  fish-farm  at  Guildford. 

In  short,  many  whose  names  will  be  found  mentioned  through- 
out this  work,  have  assisted  me  in  various  ways,  and  to  all  of 
whom  I  tender  my  hearty  acknowledgments. 

Likewise  I  have  to  give  my  sincere  thanks  to  my  old  and  valued 
friend  A.  C.  Brisbane  Neill,  Esq.,  of  the  Madras  Medical  Service 
(retired),  for  his  invaluable  help  in  carrying  this  work  through 
the  press. 

Cheltenham, 

September  lUh,  1887. 


SALMONIDyE 


GEBAT  BEITAIN  AND  IBELAND. 


Among  tlio  indigenous  fislies  of  tlic  Britisli  Isles,  those  belonging  to  the  sfihnon 
family  are  universally  admitted  to  rank  second  to  none  in  vahie,  whether  regarded 
as  food,  as  affording  sport,  or  interesting  objects  for  study  either  in  their  natural 
conditions  of  life  or  subsequent  to  changes  accidentally  effected  in  their  habits  or 
purposely  caused  by  fish-culturists.  Composed  of  forms  that  pass  the  whole  or  a 
portion  of  their  existence  in  salt  or  in  fresh  water,  they  arc  distributed  from 
a  high  inland  elevation  (in  some  countries  even  the  snow-line)  through  the 
lakes  and  other  large  pieces  of  water,  the  rivers,  the  streams,  and  the  neighbouring 
seas.  Dispersed  over  such  a  wide  and  varied  area  the  different  species  frequenting 
the  littoi'al  districts,  estuaries,  or  fresh  watei^s,  show,  as  might  be  anticipated, 
many  local  peculiarities  in  size,  form,  and  colour,  generally  dependant  on  the 
character  of  the  waters  they  inhabit,  the  food  available  for  their  subsistence,  the 
circumstances  of  temperature  to  ivhich  they  are  subject,  or  to  temporary  condi- 
tions in  the  fishes  themselves. 

In  searching  the  literature  of  the  ancients  respecting  the  salmon  family,  we 
do  not  observe  that  Sahno  solar  appears  to  have  been  known  to  the  Greeks, 
-^lian*  alludes  to  a  spotted  fish  in  Macedonia  that  in  his  days  was  captured  by 
means  of  an  artificial  fly,  the  mode  of  manufacturing  which  he  detailed.  It  is  not 
unlikely  that  he  referred  to  the  trout,  or  possibly  the  char,  while  the  species  he 
called  Thymahis,  found  in  the  Ticino  and  Adige,  is  doubtless  the  grayling,  still 
existent  there.  The  name  suggests  the  thyme-like  odour  that  some  persons  have 
observed  to  be  given  off  by  these  fish  when  fresh  from  the  stream. 

If  w^e  turn  to  the  Latins  we  find  that  Pliny,  the  elder,  in  the  first  century  of 
the  Christian  era  referred  to  the  salmon, f  i-emarking  that  in  Aquitaine  it  was 
preferred  to  all  the  fishes  of  the  sea.  In  the  fourth  century,  Ausonius,  a  native  of 
Bordeaux,  one  of  their  poets  whose  writings  have  descended  to  our  times,  descanted 
in  the  most  favourable  terms  on  this  fish.  He  mentioned  it  in  his  poem  "Mosella," 
being  a  description  of  the  river  Moselle,  and  he  observed  that  it  has  red  flesh,  and 
springs  by  strokes  of  its  broad  tail  from  the  lower  into  the  higher  w^aters  above  it. 
He  alluded  to  three  species,  the  salar,  or  our  brook  trout: — 
"  Purpureisque  Salar,  stellatus  tergora  guttis," 
to  the  salmon  in  the  lines — 

"Nee  te  puniceo  rutilantem  viscere,  Sahno, 
Transierim," 

and  to  the  sea-trout,  or  as  some  have  termed  it  the  salmon-trout — 

"  Teque  inter  species  geminas,  neutrumquo  et  utrumquc, 
Qui  necdum  salmo,  nee  jam  salar,  ambiquusque 
Amborum  medio  Fario  intereepte  sub  uevo?  " 

It  is  clear  that  Ausonius  referred  to  two  distinct  species,  the  brook  trout  and 

*  iElian  is  supposed  to  have  been  born  at  Corycus,  or  at  Anazarba  in  Cilicia,  and  is  said  to 
have  flourished  about  a.d.  180. 

t  It  has  been  surmised  that  the  term  Salmo  was  derived  from  "  Sahnona,"  a  tributary  of  the 
Moselle,  mentioned  by  Ausonius,  and  that  salar  had  its  origin  from  "  salire,"  "  to  leap." 
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the  salmon,  but  was  undecided  as  to  whether  the  third,  which  was  a  silvery  form, 
might  not  be  a  hybrid  between  the  two  others.  The  hybrid  origin  of  this  last  may 
be  rejected,  as  investigations  of  late  years  tend  more  to  the  conclusion  that 
although  we  may  augment  the  number  of  local  races,  our  indigenous 
Sahnones  are  restricted  to  two  species,  the  salmon  and  the  trout,  which  last 
has  almost  endless  variations,  some  the  result  of  a  fresh-water,  others  due  to  a 
marine  residence. 

In  the  British  Isles  salmon  appear  to  have  been  known  to  the  Celts  as  "  Ehoe," 
"  Eog,"  and  "  Maran,"  terms,  in  1776,  still  in  use  among  the  Welsh,  and  which  may 
have  been  partially  adopted  by  the  early  Saxons,  although  one  searches  almost 
in  vain  for  allusions  to  them  among  such  ballads  as  have  descended  from  Anglo- 
Saxon  periods  to  the  present  day.  The  word  "  salmon  "  as  applicable  to  its 
adult  condition  is  supposed  to  have  been  of  Latin  origin  and  introduced  by  the 
Normans. 

During  the  time  of  the  Anglo-Saxons  and  Normans,  it  would  seem  probable 
that  when  founding  Abbeys  and  Monasteries  the  clergy  were  not  unmindful 
of  the  necessity  for  taking  precautions  in  order  to  secure  good  water  carriage  for 
themselves  and  their  goods,  and  it  may  be  for  this  reason  that  monastic 
establishments  were  very  frequently  situated  on  the  banks  of  the  best  streams 
where  a  continuous  supply  of  fresh-water  fish  would  be  available,  tending  to 
alleviate  the  pangs  of  hunger  during  the  periods  of  rigorous  fasts,  while  an 
additional  advantage  must  have  been  gained  when  they  produced  the  rich  and 
goodly  salmon. 

Of  the  two  Archbishoprics  and  twenty-five  Bishoprics  in  England  in  1873, 
Buckland  observed  that  the  following  were  situated  on  salmon  rivers.  Llandaff 
on  the  Taff  (founded  the  beginning  of  the  sixth  century)  :  Salisbury  on  the  Avon  : 
St.  Asaph's  on  the  Elwy  (a.d.  560)  :  *Canterbury  on  the  Stour  (a.d.  597)  : 
*Rocliester  on  the  Medway  (a.d.  604)  :  *Bath  on  the  Avon  (a.d.  607)  :  London  on 
the  Thames  (a.d.  610)  :  York  on  the  Ouse  (a.d.  622)  :  *  Winchester  on  the  Itchen 
(a.d.  634)  :  Exeter  on  the  Exe  (a.d.  636)  :  Gloucester  on  the  Severn  (a.d.  657)  : 
Herefoi'd  on  the  Wye  (a.d.  Q7G)  :  Worcester  on  the  Severn  (a.d.  680)  :  Carlisle 
on  the  Eden  (a.d.  686)  :  Durham  on  the  Wear  (a.d.  1040)  :  *Oxford  on  the 
Thames  (a.d.  1545)  :  Chester  on  the  Dee,  and  Ripon  on  the  lire,  or  18  out  of  27 
were  created  on  salmon  rivers,  in  six  of  which  these  fishes  have  become 
exterminated. 

The  various  species  of  Salmonida?  inhabiting  the  fresh  waters  of  Europe  have 
been  described  by  naturalists  from  the  earliest  times,  but  respecting  them  many 
divergent  views  have  been  and  are  still  held.  Artedi  (Genera  Piscium,  1738, 
page  37,  &c.),  in  his  dissertation  on  the  soft-rayed  fishes,  or  Malacopterygii,  placed 
together  Coregonus,  Osmerus,  and  Sahnones,  as  genera  in  all  of  which  two  dorsal 
fins  are  present,  Linnceus  divided  the  family  of  Salmo  into  Truttce,  or  those 
having  the  body  variegated  or  spotted ;  Osmerus,  with  the  dorsal  fin  placed 
opposite  the  ventrals  (erroneously  printed  anal)  ;  Coregonus,  having  minute  teeth  ; 
and  Characini,  possessing  only  four  branchiostegals.  Bloch  included  under  Salmo 
the  various  species  of  salmon,  trout,  char,  smelt  or  Osmerus,  grayling  or  Thymallus, 
and  Coregonus.  Cuvier  removed  Characini,  owing  to  their  wanting  teeth  on 
the  tongue,  from  among  the  forms  placed  by  Linna3us  imder  this  head.  Valen- 
ciennes (1848-1849)  included  the  following  genera  in  the  family  of  Salmonoides, 
the  dentition  of  each  of  which  was  taken  from  what  exists  in  the  adult.  Salmo, 
salmons  and  char  in  which  the  body  of  the  vomer  is  toothless,  teeth  if  present 
being  only  on  the  head  of  that  bone.  Fario,  the  salmon  or  sea  trout  or  Forelles, 
head  of  vomer  toothed  and  a  single  row  along  the  body  of  the  bone.  Salar,  the 
fresh-water  trout  or  Truites,  in  which  the  head  of  the  vomer  is  toothed  and  a 
double  row  also  exists  along  the  body  of  that  bone.  Osmerus  or  smelts, 
Malottus,  Argentina,  Thymalus  or  grayling,  Coregomhs  or  guiniad,  Curimatus, 
Leporinus,  JEpictjrtus,  Parodon,  Salminus,  Prochilodus,  Citharinus,  Piahuca, 
Hemiodus,  Tetragonopterus,  Brycinus,  Piahucina,  Gasteropelecus,  Distichodus, 
Alestes,  Myletes,   Tometes,  Myleus,  Mylesimcs,  Chalceus,    Chalmius,  Serrasalmus, 

*  Salmon  in  1873  had  become  extinct  in  ihese  rivers. 
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ygocentrus,  Catoprion,  nydrocijon,  Cynopotamns,  Xypliorhjnchus  Agoniates, 
yphostoma,  Salaux,  Gonostoma,  Chauliodus,  Argyropclecus,  Sternoptcryx, 
Odontostoma,  Scopdus,  Saurus,  Saurkla,  Fariondla,  Aulupus,  and  Alrpisaurus. 
Floiuing  (1838)  classed  the  following  genera  among  the  IJritish  Salmonidco : 
Saluio,  Osmerns,  Coregonus  including  Thymallus  and  dou])ti"ully  Hcopclus. 
Jenyns  (1835)  adopted  the  same  classification,  except  that  he  jjlaced  Thymallus 
as  a  distinct  genus.  Dr.  Giinthcr  (18GG)  divided  the  family  of  Salmonida)  as 
follows  : — Salmo,  including  salmon,  trout,  and  char,  Oncliorhynclixis,  Brachywystax, 
Lnciotrutta,  Pecoglossus,  )jsmcrus  or  smelt,  ThalcichtJiys,  Ilypomestis,  Mallohis, 
Betropinna,  Coregonus  or  guiniads,  Thymallus  or  grayling,  Argentina,  Microstoma 
and  Salanx. 

In  the  following  pages  I  shall  restrict  my  remarks  to  what  may  be  termed  the 
"game  fishes"  of  this  family  found  in  the  fresh  waters  of  the  British  Isles, 
and  which  iucludo  the  salmon,  various  forms  of  trout  and  char,  and  also  tho 
grayling. 
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Family— SALMONIDiE,  MUller. 

Pseudobranchise  present.  The  margin  of  the  upper  jaw  formed  mesially  by 
the  premaxillaries,  and  laterally  by  the  maxillaries.  Barbels  absent.  Two 
dorsal  fins,  the  anterior  containing  rays ;  the  posterior,  which  is  the  smaller, 
being  adipose.  Pyloric  appendages,  as  a  rule,  present  and  usually  numerous. 
Body  scaled,  head  scaleless.  Air  bladder  large,  simple,  and  with  a  pneumatic 
duct.    The  ova  pass  into  the  cavity  of  the  abdomen  before  being  extruded. 

This  family  is  characterized,  among  bony  or  teleosteau  fishes,  by  the  large  size 
of  its  blood  discs. 


Geological  appearance. — N'o  fossils  representing  fresli-water  forms  have  as  yet 
been  discovered ;  but  the  marine  smelt,  Osmerus,  is  found  in  the  grcensand  of  Iben- 
busen  and  the  schists  of  Cllaris  and  Licata.  A  species  of  Mallotus  is  also  present 
in  the  clay  nodnles  in  Greenland,  whose  age  has  not  been  determined.  Some 
supposed  marine  forms  have  likewise  been  recorded  from  the  chalk  at  Lewes, 
co-existing  with  fossils  of  the  genns  Beryx,  and  they  have  been  located  in  the 
genera  Osmeroides,  Acrognathus,  and  Aulolejns. 

GeograpMcal  distribution. — The  SalmonidjB  consist  of  marine  and  fresh-water 
fishes,  the  latter  being  normally  restricted  to  the  Arctic  and  temperate  portions 
of  the  Northern  hemisphere  with  the  exception  of  the  genns  Eetropinna,  found  in 
New  Zealand  rivers.  Absent  from  India  and  Africa,  they  have  during  the  present 
century  been  artificially  distributed  to  many  portions  of  the  globe  where  they  are 
not  known  to  have  existed  previously.  In  the  Northern  hemisphere  the  fresh- 
water forms  are  present  between  the  latitudes  45''  and  75°,  and  one  species  has 
been  captured  so  far  north  as  80°.  In  fact  they  are  residents  of  cold  and  tem- 
perate waters  and  do  not  noimally  extend  to  where  the  water  is  very  warm, 

The  species  of  some  of  the  genera,  as  Argentina,  which  are  included  in  this 
family,  do  not  enter  fresh  waters  :  others  again  as  the  smelt,  Osmerus,  ascend  so 
far  as  the  tide  reaches  but  rarely  beyond,  while  the  salmon  is  an  anadromous  form 
which  passes  up  rivers  even  to  their  higher  portions  and  here  it  forms  its  nest, 
deposits  its  eggs,  and  its  young  are  hatched  and  reared.  Trout,  char,  and  grayling 
may  pass  their  entire  existence  in  fresh  waters,  but  all  these  forms  have  been 
captured  in  salt  water.*  Consequently  it  becomes  evident  that  some  species  of 
the  same  genus  may  be  living  in  the  sea  while  others  are  exclusively  resident  in 
fresh  waters,  demonstrating  how  anadromous  fish  may  change  into  resident  fresh- 
water ones.  Also  in  certain  species,  as  the  common  trout,  some  examples  may  be 
found  residing  a  great  part  of  the  year  in  fresh  or  in  brackish  waters,  others  in 
fresh.  We  are  thus  able  to  follow  an  unbroken  chain  connecting  sea  forms  of  the 
salmon  family  with  others  that  appear  to  normally  pass  their  entire  existence  in 
fresh  water,  but  which  latter  have  in  every  genus  furnished  examples  that  have 
been  captured  in  the  ocean. 

This  gives  rise  to  the  inquiry  whether  the  Salmonida3  are  descended  from  a 
marine  or  fresh-water  ancestry  ?  a  question  of  importance  to  the  fish  culturist 
should  he  be  debating  upon  the  possibility  or  rather  probability  of  successfully 
rearing  and  subsequently  breeding  salmon  in  fresh  waters  without  deterioration, 
I^rovided  they  are  unable  to  migrate  to  the  sea. 

That  strictly  fresh -water  fishes  are  intolerant  of  saline  water  is  well  known, 
thus  carps  are  deletei-iously  affected,  usually  dying  on  the  addition  of  salt  water, 

*  Specimens  of  several  deep  sea  genera  belonging  to  this  family  have  been  secured  by  our 
exploring  expeditions. 
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and  this  intolerance  acts  as  a  barrier  against  tlieir  diffusion.  Consequently  if  the 
inland  waters  of  oceanic  islands  arc  examined  true  fresh-water  forms  are  absent, 
unless  at  some  former  period  a  land  connection  had  existed  with  a  continent  or 
these  fishes  had  obtained  access  accidentally  or  been  imported  by  man.  But  there 
are  certain  forms  of  fish  life  in  our  fresh  waters  which  are  evidently  descended 
from  a  marine  ancestry  as  eels  or  perches,  and  those  are  much  more  tolerant  of 
salt  water  than  are  those  which  are  of  purely  fresh-water  descent. 

But  while  it  is  difficult  to  show  fresh-water  forms  that  have  changed  to 
a  marine  residence,  it  is  very  easy  to  find  sea  fishes  as  temporarily  or  permanently 
residing  in  fresh  waters.  Malmgren  drew  attention  to  certain  marine  species  as 
the  four-horned  bullhead,  Cottus  quadrlcornis,  a  sucker,  Liparis  harhatus,  and  a 
variety  of  the  common  herring,  Glupea  harengus,  being  present  in  the  northern 
portion  of  the  Baltic,  where  the  sea  is  now  least  saline,  whereas  they  seem  to  be 
absent  from  its  southern  extremity  where  they  might  well  be  looked  for  had  they 
obtained  an  entrance  from  the  North  Sea.  These  forms  are  smaller  when  residing 
in  the  Baltic  than  are  those  of  the  same  species  living  in  the  Arctic  Ocean,  and  it 
has  been  reasonably  concluded  that  they  are  the  remnants  of  a  fauna  which  at  one 
period  was  common  to  both  localities.  During  the  latter  portion  of  the  glacial 
epoch  most  of  Finland  and  the  middle  of  Sweden  were  submerged,  so  the  Baltic 
must  have  been  a  gulf  of  the  glacial  ocean,  for  the  entrance  to  the  south  at  the 
Cattegat  had  not  then  been  opened.  As  the  Scandinavian  continent  became 
elevated,  the  Baltic  became  cut  off  by  this  raised  land  from  the  Arctic  Ocean  to 
the  north,  but  it  opened  to  the  south  through  the  Cattegat  into  the  North  Sea, 
and  its  fish-fauna  even  now  retains  representatives  of  its  former  marine  northern 
glacial  fauna,  as  well  as  such  immigrants  as  have  arrived  through  the  Sound.* 

The  foregoing  must  be  classed  among  instances  in  which  marine  forms  have 
inadvertently  become  imprisoned  in  water  which  has  steadily  changed  its 
character  from  true  saline  to  that  which  is  only  a  little  more  than  brackish  ;  here 
some  live  and  breed,  one  can  scarcely  add  thrive.  But  we  shall  presently  have  to 
allude  to  the  land-locked  salmon  of  Lake  Wenern  which  demonstrates  ho\y  an 
anadromous  form  may  be  similarly  imprisoned  in  fresh  water  and  still  flourish.f 
Even  British  waters  possess,  besides  rnembers  of  the  salmon  family,  anadromous 
forms,  or  such  as  ascend  our  rivers  for  the  purpose  of  breeding,  as  shad, 
Glupea  alosa  and  G.  finta,  also  flounders,  Pleuronectes  flesus,  while  many  other 
marine  fish,  as  bass,  gray  mullet,  turbot,  soles,  plaice,  and  smelts  have  been 
naturalized  in  fresh  water  where  some  have  continued  their  kind. 

When  we  find  that  some  members  of  a  genus  inhabit  the  sea  and  others  are 
restricted  to  the  fresh  waters,  as  among  the  Coregoni,  we  are  probably  not  far 
wrong  should  we  conclude  that  their  ancestry  was  marine.  The  _  houtmg, 
Coregonus  oxyrliynchus,  is  found  along  some  of  the  European  coasts,  and  it  ascends 
into  fresh  water,  while  Mr.  Ogilby  has  observed  the  poUan,  G.  pollan,  in  Ireland 
descending  to  the  sea.  Respecting  the  salmon,  trout,  and  char,  the  most  diverse 
opinions  have  been  and  are  still  held  as  to  whether  their  ancestry  was  marine 
or  fresh  water.]; 

*  Inherited  instinct  appears  to  induce  those  Arctic  forms  to  seek  a  passage  to  the  north  :  while, 
due  to  the  alterations  in  the  physical  character  of  the  water  in  the  Baltic,  which  is  continuously 
decreasing  in  salinity,  they  are  a  smaller  and  more  miserable  race  than  are  their  relatives  which 
still  reside  and  thrive  in  the  Arctic  Ocean.  .      ^  .       .  , 

t  In  tropical  countries,  as  India,  it  is  not  uncommon  to  find  marine  fish  detained  in  pieces  of 
fresh  water,  to  which  they  obtained  access  under  varying  circumstances.  Some  forms  of  fishes  enter 
inundated  grounds  during  high  spring  tides,  or  are  carried  over  banks,  and  often  find  it  impossible 
to  return  to  the  sea ;  here  they  hve  until  the  succeeding  rains  cause  floods  and  allow  them  to  escape. 
The  probabilities  are  that  species  of  gar-pikes  as  Belone  cancila,  some  herrings  as  -L/i,^'-""'''^' 
telara,  the  pretty  globe  fishes,  Tetrodoncutcutia,  and  numerous  other  forms  now  entirely  conlinecl 
to  fresh  water  in  India,  must  have  descended  from  a  marine  ancestry,  for  representatives 
of  the  same  genera  are  numerous  in  the  contiguous  seas.  n  ■•    .-,    ^  ^• 

I  Pennant  {British  Zoology,  iii,  1776,  p.  288)  observed  that  "  the  salmon  is  a  fish  that  lives 
both  in  the  salt  and  fresh  waters,  quitting  the  sea  at  certain  seasons  for  the  sake  of  deposi  ing  its 
spawn  in  security."  Fleming  (1828,  p.  179)  considered  the  salmon  as  a  "migratory  hsh  from 
the  sea."  Parnell  (18.38,  p.  279)  remarked  "  there  is  no  doubt  that  the  true  abode  of  the 
sahnon  is  in  the  sea,  for  as  soon  as  it  has  entered  the  rivers  it  begins  to  deteriorate  in  condition, 
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The  fact  must  not  be  lost  sight  of  that,  if  salmon  ever  depended  for  their 
entire  subsistence  in  the  fresh  water  they  ascend,  the  amount  of  food  they  would 
require  would  be  so  great  in  a  river  as  to  constitute  a  nuisance,  and  cause  pollution 
were  it  left  unconsumed. 

The  number  of  caseal  appendages  pi^esent  in  each  form  of  Salmonoid  has  been 
considered  a  criterion  by  Avhich  the  various  species  may  be  differentiated ;  but,  on 
a  more  careful  investigation,  they  have  proved  to  be  inconstant  in  their  numbers. 
Still,  the  broad  fact  that  all  the  species  jjossess  many  of  these  appendages  is 
important ;  for,  if  we  examine  the  true  fresh- water  fishes,  as  the  carps,  we  find 
them  destitute  of  these  appendages,  while  those  fresh-water  forms  which  possess 
them  in  any  number,  as  perch  and  ruffe  in  the  Percidte  and  burbot  in  the  Gadidse, 
appear  invariably  to  have  marine  relatives ;  consequently,  their  presence  in 
the  salmon  family  tends  towards  a  supposition  as  to  their  also  having  a  marine 
ancestry. 

It  may  reasonably  be  asked  on  what  grounds  it  can  be  held  that  a  species  of 
fish  as  the  brook  trout,  S.  fario,  in  which  vomerine  teeth  are  normally  present 
thx-oughout  its  life,*  could  be  a  reti'Ograde  descendant  from  a  salmon  S.  salar,  in 
which  these  teeth  are  shed  as  the  adult  stage  is  obtained  ?  If  we  look  at  the  very 
young  salmon,  as  when  in  its  par  stage,  we  find  the  same  distribution'of  colours  as 
are  present  in  many  adult  trout  or  the  immature  livery  of  the  salmon  continued 
throughout  the  life  of  the  more  minute  S.  fario.  While  in  America  the  land- 
locked salmon,  8.  salar,  which  occurs  in  some  lakes,  and  only  attains  a  few 
pounds  in  weight,  would  seem  to  be  somewhat  arrested  in  its  development,  and 
par  bands  are  visible  even  in  adults  on  the  scales  being  rubbed  off.  In  the 
larger  lake  Wenern  variety  of  the  land-locked  salmon,  although  the  par  bands  do 
not  continue  through  life,  the  fish  is  extensively  spotted. 

It  must  be  admitted  that  these  finger  marks  are  usually  lost  in  adult  trout, 
but  when  they  pass  their  existence  in  small  streams  these  immature  marks  may  be 
continued  through  life,  in  fact  the  trout  has  not  arrived  at  the  silvery  stage  of  the 
smolt.  And  what  we  find  in  colour  we  similarly  perceive  in  dentition  :  the  double 
row  of  vomerine  teeth,  so  indicative  of  the  fresh-water  trout,  are  invariably  seen 
in  the  immature  par,  or  to  put  it  in  another  way,  a  sign  of  immaturity  in  the 
trout  is  a  persistence  of  the  infantile  dentition  of  the  salmon.  Consequently,  it  is 
to  be  expected  that  if  this  permanence  of  vomerine  teeth  is  symptomatic  of  a 
change  from  a  marine  to  a  fresh-water  state  of  existence  we  should  expect  to  find 
such  occurring  in  anadromous  sea  trout,  whether  S.  trutta  or  S.  caonhricus,  did  they 
commence  residing  in  rivers  and  lakes.  And  this  is  exactly  the  difference  which  we 
perceive  does  occur,  the  vomerine  teeth  in  such  forms  becoming  more  persistent 
through  life  than  if  the  fish  had  retained  its  anadromous  propensities. 

Salmon  on  entering  rivers,  as  a  general  rule,  deteriorate  in  quality,  similarly 
to  what  has  been  shoAvn  takes  place  in  sea  fishes,  prevented  migrating  to  the  ocean, 
unless  under  peculiarly  favourable  conditions  ;  therefore  it  becomes  a  question 
of  what  is  the  effect  on  salmon  debarred  from  going  to  the  sea  ?  Here 
doubtless  the  reply  of  all  observers  is  to  one  effect — that  they  sensibly  dwindle  in 
size,  and  generally  the  breed  dies  out,  for  even  the  land-locked  salmon  is  a 
dwarfed  race—in  fact,  similar  in  its  character  to  the  dwarfed  breed  of  herrings 
imprisoned  in  the  brackish  Baltic  sea. 

the  scales  lose  their  brilliant  silvery  lustre,  and  the  flesh  becomes  soft  and  pale.  Dr.  Giinther 
(Catal.  vi,  18G6,  p.  3)  placed  the  fish  of  the  genus  Salmo  as  "Inhabitants  of  the  fresh  waters 
of  the  Arctic  and  temperate  parts  of  the  Northern  hemisphere,  many  species  descending  to  the 
sea  after  having  deposited  their  spawn."  In  18GG  he  stated  of  the  char  "  none  of  which 
migrate  to  the  sea  as  far  as  our  present  knowledge  goes"  (Catal.  vi,5  p.  145),  while  in  the 
Zoological  liecord  for  1864,  of  the  char  he  remarked  "  the  origin  of  which  cannot  be  deduced  from 
a  marine  species."  Frank  Buckland,  on  the  contrary,  observed,  "  I  consider  the  salmon  a  sea  fish 
j)roper  ;  nevertheless,  this  sea  fish  ascends  the  rivers  and  streams  in  order  to  deposit  its  eggs,  for, 
unlike  other  sea  fish,  it  does  not  breed  in  the  sea  "  (Familiar  Hist.  Brit.  Fish.  p.  321). 

*  Char  do  not  possess  teeth  on  the  body  of  the  vomer,  and  possibly  those  systematists  are 
correct  who  place  them  in  a  distinct  genus  from  the  salmon  and  trout.  But  this  work  not  being 
intended  to  refer  to  any  extent  to  such  disputed  points,  I  have  considered  it  unnecessary  to  enlarge 
on  this  question  and  followed  those  authors  who  have  suppressed  the  separate  genus  Balvelini. 
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As  to  tho  varieties  and  hybrids  of  trout.  If,  as  seems  probable,  wo  merely  possess 
one  very  plastic  species  subject  to  an  almost  unlimited  amount  of  variation,  tliat 
its  largest  race  is  found  in  the  ocean,  while  in  order  to  breed  it  ascends  streams, 
but  usually  (to  which  there  are  many  exceptions)  not  so  far  as  tho  salmon,  unless 
it  permanently  takes  up  its  abode  in  the  fresh  waters,  we  at  once  obtain  a  clue  to 
the  characters  of  tho  various  so-called  species,  and  relegate  these  different  trout 
to  a  single  form,  in  which  numerous  local  races  arc  to  be  found.*  This  also 
accounts  for  the  hybrid  theory,  or  numerous  hybrid  trout  stated  to  exist  in  our 
waters ;  for  they  should  be  regarded  as  really  changing  local  races,  as  to  whether 
they  are  assuming  a  fresh-water  existence  from  a  saline  one,  or  vice  versa. 

Here  it  Avill  be  necessary  to  slightly  digress  for  the  purpose  of  discriminating 
between  local  races  or  varieties  and  species,  because  what  one  naturalist  considers 
a  variety  another  may  look  upon  as  a  species.  Two  primary  characters  have  been 
selected  as  demonstrating  the  true  position  of  a  specimen,  either  the  morphological 
or  that  relating  to  its  structure  and  development ;  or  secondly,  the  physiological 
as  relating  to  its  functions.  Even  within  the  limits  of  a  single  species  no  two  are 
found  to  be  exactly  similar,  but  a  tendency  to  diverge  from  the  original  type 
appears  to  exist,  which  power  of  divergence  is  in  such  a  direction  as  will  be  most 
likely  to  preserve  and  increase  useful  variations.  For  it  seems  to  have  been 
conclusively  shown  that  there  exists  a  law  in  animal  life  of  an  hereditary  tendency 
to  follow  the  specific  type,  while  there  is  likewise  a  law  of  variability  by 
adaptation  which  is  destined  to  modify  every  organism  so  as  to  fit  it  for  new 
conditions  of  existence.  Owing  to  a  knowledge  of  this  latter  tendency,  by  means 
of  judicious  selection  and  breeding  from  individuals  that  are  possessed  of  some 
desirable  variation,  such  may  become  permanent  through  future  generations  :t 
while  natural  selection  (perhaps  assisted  by  some  as  yet  unknown  factor)  would 
similarly  tend  to  favour  the  continuation  among  wild  races,  of  forms  which 
possess  variations  favourable  to  the  life  of  the  fish  and  thus  produce  and  continue 

*  The  descendants  of  the  common  brook  trout  sent  to  Tasmania  have  shown  in  most  localities 
very  great  disposition  to  vary.  Mr.  Arthur  informed  us  that  "  In  the  Shag  river  the  largest  trout  are 
near  the  tideway,  and  small  trout  numerous  above.  In  the  Leith  the  large  trout  are  only  found 
during  spawning  time."  Also,  "  That  as  large  trout  are  not  now  seen  in  the  Leith  except  during 
winter,  they  must  live  in  the  brackish  water  at  its  mouth,  or  in  the  bay  itself,  for  nine  months 
out  of  the  twelve.  And  this  is  further  borne  out  by  the  fact  of  many  large  fish  being  netted  by  the 
fishermen  in  the  bay  with  the  characters,  more  or  less,  of  the  brown  trout."  In  short,  the  brook 
trout  are  here  migrating  seawards,  and  becoming  anadromous. 

A  trout,  Salmo  fario,  of  25  lb.  weight,  32  :2  in.  long,  and  2  ft.  in  girth,  from  Wairnakirri,  New 
Zealand,  as  silvery  as  a  salmon  and  marked  with  X-spots,  was  taken  by  Mr.  Farr  to  the  British 
Museum,  where  it  is  joreserved  in  spirit.  In  the  same  river  the  trout  caught  previous  to  1878 
were  marked  with  red  spots,  but  they  are  never  seen  there  now  {Tlie  Field,  Dec.  20th,  1880). 
Thus  we  are  able  to  trace  in  the  Antipodes  not  merely  changing  colours,  but  varying  habits  in 
the  descendants  of  the  non-migratory  brook  trout,  which  in  a  few  generations  has  assumed  more 
or  less  of  the  sea  dress  and  anadromous  habits  of  the  European  sea  trout. 

Respecting  the  char,  S.  alpi)ms,  we  are  told  by  Dr.  0.  Renter,  in  his  Fishes  of  Finland, 
that  it  is  met  with  on  the  coast  of  the  Arctic  Sea  and  in  the  rivers,  which  they  ascend 
to  spawn ;  but  in  Sweden  it  is  known  exclusively  as  a  fresh-water  fish,  while  it  is  quite  clear  that 
the  American  trout,  Salmo  fontinalis,  belongs  to  this  division  of  the  genus  Salmo.  Professor 
Jordan  observed  the  common  Rocky  Mountain  trout,  S.  jjxi-puratus,  is  so  known  when  taken  in 
rivers  and  brooks,  and  as  salmon  trout  when  taken  in  the  sea  or  river's  mouth ;  for  sea-run 
specimens  are  more  silvery,  the  only  difference  being  temporary,  and  dependent  on  the  water  and 
possibly  on  the  food.  {Bull.  U.S.  Fish.  Com.  1885,  p.  310.)  The  British  char  has  been  said  to 
have  descended  to  the  sea  in  Wales  after  it  had  been  driven  out  of  Llanberris  Lake  by  poisoned 
water,  and  Mr.  Jackson  observed  ui)on  two  which  had  escaped  from  a  fresh-water  tank  in  the 
Southport  Aquarium  and  were  captured  many  weeks  afterwards  by  some  boys  fishing  in  tho 
contiguous  salt  water,  there  does  not  seem  any  more  reason  why  char  should  not  be  of  marine 
origin  than  trout  or  salmon,  while  he  would  be  a  bold  reasoner  who  could  maintain  that  char, 
trout,  and  salmon  are  descendants  from  more  than  one  ancestry ;  that,  in  short,  the  salmon  was 
a  marine  and  the  trout  and  char  strictly  fresh-water  forms. 

f  The  experienced  fish-culturist  is  aware  how  varied  are  the  changes  observable  in  some 
piscine  forms,  as  for  instance  in  the  gold  carp,  Carassius  atiratus,  wherein  may  be  found 
differences  in  form,  proportions,  colours,  and  in  many  ways,  but  all  sprung  from  a  single  original 
stock  and  capable  of  being  reproduced  by  artificial  culture.  Similarly  tlic  various  races  of 
common  carp,  Ci/prinus  carpio,  as  tho  leather  carp,  the  mirror  carp,  &c  ,  arc  merely  local  races 
of  one  species,  aiid  possibly  some  of  our  Salmonidse  have  similarly  shown  local  peculiarities  which 
mistaken  zoologists  have  believed  to  constitute  species. 


8  SALMONID^  OF  BRITAIN. 

certain  local  varieties  or  races.  If,  however,  the  variations  are  not  of  a  persistent 
character,  nor  exceed  the  differences  between  the  limits  laid  down  for  a  species, 
these  cannot  be  considered  as  indicating  a  distinct  species  :_  for  to  render  such 
valid,  we  must  have  a  permanence  of  variation  from  the  original  form.  Thus, 
among  the  sticklebacks  we  find  in  the  ten-spined  form,  some  possessing  ventral 
fins,  others  destitute  of  them  ;  but  this  diflference  not  being  permanent  merely 
resolves  itself  into  a  local  race  or  inconstant  variety.  The  number  of  yertebrjB 
and  the  c£ecal  appendages  have  been  considered  as  characters  which  may 
materially  assist  in  fixing  the  locality  of  a  species  among  the  Sahnonidoi,  and  it  is 
proTDOsed  investigating  in  detail  some  of  the  various  structural  and  functional 
diiferences  that  have  been  brought  forward  for  the  purpose  of  establishing  species 
among  the  true  salmon,  Salmones.  It  has  occurred  that  owing  to  too  great 
importance  having  been  given  to  inconstant  variations  the  number  of  species 
amono-  this  family  has  been  unduly  augmented,  and  varieties  have  been  accorded 
specific  rank  :  while  every  little  variety  of  form,  coloui',  or  structure  has  also 
been  reckoned  as  possibly  demonstrating  hybridity. 

The  proportions  of  different  parts  of  the  body  vary  with  age,  season,  or 
locality,*  and  this  may  be  augmented  in  some  anadromous  forms  which  have 
been  subjected  to  unnatural  retention  in  fresh  water,  insufiiciency  of  food,  or 
sickness  from  any  cause.  The  head  of  the  male  is  generally  longer  than  that  of 
the  female,  especially  in  old  examples,  but  these  proportions  are  liable  to  variation 
should  the  example  be  barren. 

*  Young  Lochleven  trout,  raised  by  Mr.  Andrews  of  Guildford,  from  eggs  sent  from  Howietoun, 
are  found  to  grow  more  rapidly  in  their  southern  home,  become  deeper  in  form,  while  the  colours 
are  not  very  far  removed  from  those  of  the  local  brook  trout :  and  other  as  remarkable  deviations 
from  the  original  type  \Yill  be  alluded  to  when  this  local  race  is  described. 
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SYNOPSIS  OF  BRITISH  GENERA. 


Synopsis  of  British  Genera. 

1.  Salmo. — Maxillai'y  long  :  dentition  strong  and  complote.  Scales  small. 
Anal  rays  in  moderate  numbers  (IJj  or  less).     Pyloric  appendages  numerous. 

2.  Thi/mallus. — Maxillary  short :  small  teeth  in  the  jaws,  vomer,  and  on  the 
palatine  bones.  Anterior  dorsal  fin  many  rayed.  Scales  of  moderate  size. 
Pyloric  appendages  numerous. 

3.  Coregonus. — Maxillary  short :  teeth  if  present  minulc.  Anterior  dorsal  fin 
with  few  rays.     Scales  of  moderate  size.     Pyloric  appendages  numerous. 

4.  Osmerus. — Maxillary  long  :  dentition  complete,  with  fang-like  teeth  on  the 
vomer  and  tongue.     Scales  of  medium  size.     Pyloric  appendages  few. 

5.  Arfjentina. — Maxillary  short :  teeth  absent  from  jaws.  Anterior  dorsal  fin 
with  few  rays.  Scales  rather  largo.  Pyloric  appendages  few  or  in  moderate 
numbers. 

Of  the  foregoing  my  remarks  will  be  restricted  to  species  belonging  to  the  two 
first  genera,  or  those  of  Salmo  and  Thymallus,  forms  in  which  their  eggs  are 
much  heavier  than  the  water,  and  are  mostly  deposited  beneath  sand  or 
gravel. 

The  blood  discs  of  the  fishes  of  this  family  are  of  very  large  size,  those  of 
the  salmon  being  nearly  equal  to  such  as  are  found  in  the  cartilaginous  sturgeon. 
Gulliver  (Proc.  Zool.  Soc.  1872,  p.  834)  recorded  the  average  diameter  of  the 
red  corpuscles  of  the  blood  in  the  following  species — L.  D.  signifying  the  "long 
diameter"  and  S.  D.  "short  diameter  "  :  —  ;SaZ»io  salar,  L.  D.  -j-sViT)  S.  d.  -^^Vo-  ^^ 
fario,  L.  D.  y/aT,  s.  B.  a-g^o-  ^'  ferox,  L.  D.  xs-Vt)  ^-  ^-  -2  9Vo-  S.  foiiUnaUs,  L.  D. 
ttVsj  S-  r>.  aaVe-  Thymallus  vulgaris,  L.  D.  y-eV*)  S-  ^-  2-oVo-  These  corpuscles 
appear  to  be  at  least  a  third  larger  than  the  corresponding  corpuscles  of  most 
other  osseous  fish. 

Genus  I. — Salmo,  Artedi. 
Fario  and  Salar,  Cuvier :  Trutta  and  Salvelini,  Nilsson. 

Branchiostegals  from  nine  to  tliirteen :  pseudobranchice  present.  Eyes  lateral. 
Cleft  of  mouth  deep,  the  posterior  extremity  of  the  upper  jaio  reaching  to  beneath  the 
hind  edge  of  the  eye  or  even  beyond.  Teeth  conical,  pirescnt  on  the  jaws,  vomer, 
palatine  bones  and  tongue,  absent  from  the  pterygoids.  Anterior  dorsal  fin  with  a 
moderate  number  of  rays  (10-15)  :  anal  with  rather  few  (10-13).  Scales  small  and 
cycloid.     Lateral-line  straight.     Ccecal  appendages  mimerous.     A  pancreas  present. 

Geographical  distribution. — These  physostomatous  fishes,  found  in  the  fresh 
and  salt  waters  of  Europe,  Asia,  and  America,  are  most  abundant  in  the  Arctic  or 
colder  regions,  in  contradistinction  to  the  distribution  of  the  carps  and  siluroids, 
which  augment  in  numbers  the  nearer  we  approach  the  tropics.  Temperature 
would  appear  to  limit  the  distribution  of  these  fishes  to  the  colder  and  temperate 
regions,  or  we  should  find  them  extended  to  the  Mediterranean,  where  Davy 
remarked  he  had  only  known  a  stray  salmon  captured  off  the  coast  of  Malta.* 

The  indigenous  species  belonging  to  this  genus  have  been  divided  into  (1) 
Salmones,  or  true  salmons,  wherein  the  body  and  the  head  of  the  vomer  are 
toothed  at  some  period  of  their  lives,  and  (2)  the  Salvelini  or  chars,  wherein  the 
vomerine  teeth  are  restricted  to  the  head  of  that  bone. 

*  Davy  (Physiological  Ecsearches,  1863,  page  82)  gave  the  result  of  some  investigations  that 
he  had  made  on  the  temperature  of  salmon  captured  with  an  artificial  fly. 

Sept.  1862 — Temper,  of  river,  56°  :  of  male  salmon,  under  liver,  opened  immediately,  59°:  in  the 
heart  still  pulsating,  58°. 
Sept.  1862 — Temper,  of  river,  58° :  of  salmon,  under  liver,  opened  immediately,  60° 

,,  ,,  58°:  of  grilse  ,,  ,,  5'J-5. 

In  all  these  three  instances  the  thermometer  was  introduced  into  the  wound  made  by  the  gaff  in 
the  thick  muscles  of  the  back  from  which  blood  was  exuding. 
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A.  Salmones  or  true  salmon. 

1.  Salmo  solar.     (See  Fig.  1.) 

2.  „       trutta,  with  its  sea  and  fresh-water  varieties  or  local  races.     (See 
Fig.  2.) 

B.    Salvelini  or  chars. 

3.  Salmo  al_pimis,  British  char.     (See  Fig,  3.) 

4.  ,,      fontinalis,  American  char  (introduced). 


Pig.  1. FRONT  VIEW  OF  TEETH  ON      FiG.  2. — FRONT  VIEW  OF  TEETH  ON      FiG,  3. — SIDE  VIEW  OF  TEETH 

VOMER   OF   SALMON   GRILSE.  VOMER   OF   BROOK   TROUT.  ON   VOMER  OF   BRITISH   CHAR. 

With  snch  plastic  forms  as  trout  whether  fresh-water  or  marine,  and  such 
diversified  appearances  as  some  of  these  fish  assume  at  different  ages,  it  is  not 
surprising  what  diverse  views  have  been  and  are  still  held  as  to  the  number  of 
species  existing  in  our  watei's.* 

* 'SVillough.hj,  Historia  Plsciiim,  1686,  enumerated  (1)  a  salmon;  (2)  Salnmlits;  (3)  the  gray; 
(4)  "the  scurf  and  bull  trout,"  Trutta  salmonata;  (5)  Trutta JJuviatilis. 

Ray,  8yno2}is  Blethodica  Piscium,  1713,  gave  (1)  Salmo,  "a  salmon;"  (2)  Sahnuhts,  "the 
samlet;"  {'d)  S.  griscus  seu  cinereus,  "  the  gray ;"  (4)  Trutta  salmonata,  "  the  salmon  trout,"  or 
"bulltrout,"  or  "  scurf,"  (5)  Trutta  fluviatilis,  "  a,  tvont." 

Pennant,  British  Zoology  1776,  described  (1)  the  salmon;  (2)  the  gray  trout,  Salmo  eriox, 
which  he  believed  to  be  the  sewiu ;  (3)  the  sea  ixowt,  S.  trutta ;  (4)  the  trout,  &'.  /aWo ;  (5)  the 
white  salmon  ;  and  (G)  the  samlet.  He  alluded  to  that  from  Lhjnteisi,  a  lake  of  South  Wales, 
termed  Cocli  y  dad,  and  marked  with  black  spots  as  large  as  sixiDenees ;  to  a  crooked-tailed 
variety  in  the  Einion,  a  river  not  far  from  Machynlleth,  and  also  to  a  similar  form  being  in  the 
Snowdon  lakes ;  to  the  Gillaroo  trout  of  Ireland,  remarkable  for  the  great  thickness  of  its 
stomach,  though  it  does  not  otherwise  differ  from  the  common  trout ;  and  to  the  Buddaghs  of 
Lough  Neagh,  in  Ireland,  some  of  which  have  been  known  to  weigh  30  lb. 

Donovan,  in  his  lU-itish  Fishes  (1802-1808),  referred  to  the  (1)  sewen  or  Salmo  cavihricus, 
of  which  he  stated,  among  other  indications,  that  the  head  was  shorter  than  in  the  common 
salmon,  and  the  tail  more  forked — this  he  considered  to  be  an  anadromous  form  pecuKar  to 
Wales  ;'  (2)  the  common  salmon,  Salmo  salar  ;  (3)  the  trout,  Salmo  fario,  which  he  observed  to 
be  subject  to  many  variations :  and,  lastly,  to  some  in  Scotch  lakes,  spotted  very  differently 
from  the  common  sorts,  which  he  suspected  to  be  a  distinct  species,  but  of  which  he  makes 
no  further  mention.  He  likewise  observed  how  trout  vary  in  size,  and  referred  to  the  Fordwich 
form,  in  Kent,  which  attains  to  nearly  that  of  the  salmon.  He  also  remarked  upon  the  flesh 
of  trout  captured  during  the  same  season  in  two  contiguous  streams  in  Cardiganshire,  the 
names  of  which  he  omits  to  give,  one  of  which  invariably  produced  the  red  and  the  other  the 
white  variety. 

Turton,  1807,  admitted  into  his  British  fauna— {1)  the  salmon,  Salmo  salar;  (2)  the  shewen, 
Salmo  eriox,  to  Vfhich  he  referred  Donovan's  sewen ;  (3)  the  salmon  trout,  .Sflimo  trutta;  (4)  the 
common  trout,  Salmo  fario ;  (5)  the  white  sahnon,  Salmo  pliinoc ;  and  (6)  the   samlet,  ,S'«Z/no 

salmulus.  -r.-  ,     •        ^    , 

Sir  Humphry  Davy  {Report  of  Parliamentary  Committee  on  the  Salmon  Fisheries  of  the 
United  Kinqdom,  May  8th,  1824)  gave  the  following  species  of  the  genus  Salmo,  as  captured  in 
the  sahnon  fisheries  of  Great  Britain  and  Ireland,  evidently  meaning  the  sea  fisheries  :  (1)  Salmo 
salar,  or  the  common  salmon,  and  (2)  .S*.  eriox,  known  under  different  names  indifferent  districts 
as  sahnon-peal,  sewen,  bull  trout,  but  most  correctly  as  sea  trout. 

Fleming,  in  his  History  of  British  Animals,  1828,  enumerated  first  those  anadromous  forms 
that  have  a  forked  tail,  as  (1)  the  common  salmon,  Salmo  salar;  (2)  the  bull  trout,  Salmo  hucho, 
which  is  little  inferior  to  the  salmon  in  size,  but  more  elongated,  and  has  white  and  insipid  flesh, 
but  which  ho  stated  had  no  teeth  on  the  vomer;  (3)  the  phinock  or  white  trout,  Salmo  alius, 
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Prior  to  commencing  a  detailed  description  of  the  various  species  of  British 
Sahnonida^  it  will  bo  necessary  to  take  a  brief  but  general  survey  of  the  fishes  of 
which  it  is  composed,  especially  as  regards  their  external  form,  internal  organiza- 
tion, and  some  of  their  natural  functions. 

which  seldom  attains  to  a  foot  in  length,  and  is  common  m  the  seas  and  rivers  of  Scotland  and 
the  North  of  England.  Secondly,  anadronious  forms  with  even  tails,  as  (4)  the  sea  trout,  Salmo 
tnitta,  of  which  he  considered  the  samlet  or  par  to  be  the  young  of  this  or  of  the  salmon,  the 
migrations  of  the  two  almost  coinciding  ;  (5)  the  gray  trout,  Salino  eriox,  including  ,S'.  cambricus, 
and  found  in  the  sea  and  in  rivers.  Lastly,  forms  stationary  in  rivers,  as  (G)  the  common  trout, 
Salino  fario,  remarking  of  the  Gillaroo  variety  that  when  it  fed  on  shell-tish  the  coats  of  its 
Btomacli  acquired  a  thickness  similar  to  the  gizzards  of  birds. 

Agassiz,  in  the  lu'2)orts  of  the  British  Association  for  1834,  only  admitted  (1)  Salmo  salar ; 
(2)  S.  tniita;  (3)  S.  fario. 

Jenyns,  in  his  Manual  of  British  Vertebrate  A)timals,  1835,  included  (1)  the  common 
salmon  ;  (2)  the  bull  trout  or  gray  salmon,  S.  eriox ;  (3)  the  sea  trout,  «S'.  trntta,  inhabiting  the 
sea  and  rivers,  identical  with  the  salmon  trout  of  the  London  markets  and  the  white  trout  of 
Pennant  and  Fleming  ;  (4)  the  common  trout,  S.  fario,  with  its  variety  the  Gillaroo ;  (5)  the  great 
lake  trout,  .S'.  ferox,  which  he  believed  to  be  identical  with  S.  lacustris,  of  Berkenhout,  though 
Agassiz  believed  not  of  continental  authors. 

Yarrell,  in  his  History  of  British  Fishes,  1836,  gave  (1)  the  salmon,  Salmo  salar ;  (2)  the 
bull  trout  or  gray  trout,  S.  eriox  and  S.  cambricus ;  (3)  the  salmon  trout,  S.  trutta ;  (4)  the  par 
or  samlet,  .S'.  salmulus ;  (5)  the  common  trout,  S.  fario,  and  (6)  the  great  lake  trout,  S,  ferox ;  and 
in  a  later  edition  (7)  the  Loch  Leven  trout,  iS'.  levenensis. 

Tarnell,  in  his  prize  essay  on  the  Fislies  of  the  Firth  of  Forth,  1838,  entered  very  fully  into 
his  views  respecting  the  Salmonidcc.  He  admitted  (1)  the  salmon  ;  (2)  the  bull  trout,  ,S'.  eriox,  of 
which  he  enumerated  and  figured  the  following  varieties  which  he  had  obtained  in  the  Firth 
of  Forth  : — a  salmon-spotted  bull  trout,  a  few  spotted  bull  trout,  a  thickly  spotted  bull  trout,  a 
large-headed  bull  trout,  a  curved  spotted  bull  trout,  a  crescent-tailed  bull  trout,  a  Norway  bull 
trout,  and  a  sahnon  bull  trout  identical  with  .S'.  trutta  of  Jenyns  and  Yarrell;  (3)  salmon  trout, 
S.  trutta,  which  is  likewise  the  same  asS.  albus  of  Fleming;  (4)  the  par;  (5)  the  common  trout; 
(6)  the  Loch  Leven  trout. 

Jardine,  in  his  British  Salmonidce,  1839,  figured  (1)  the  salmon;  (2)  the  phinock  or  gray 
trout ;  (3)  the  great  lake  trout ;  (4)  the  common  trout  and  five  principal  varieties  ;  (5)  the  Solway 
migratory  trout  or  herling ;  (6)  the  salmon  or  sea  trout ;  (7)  the  par,  of  which  he  had  not  any 
hesitation  in  considering  not  only  distinct,  but  one  of  the  best  and  most  constantly  marked  species 
which  we  have. 

White,  in  the  List  of  the  specimens  of  British  anirnals  in  the  National  Museum,  enumerated 
in  1851  (1)  the  common  salmon  ;  (2)  the  sea  trout;  (3)  the  bull  or  gray  trout;  (4)  the  common 
trout ;  (5)  the  great  lake  trout. 

Knox  in  1835  added  Salmo  estuarius. 

Thompson,  in  his  Natural  History  of  Ireland,  1856,  gave  (1)  the  salmon,  including  the  par; 
(2)  the  gray  or  bull  trout,  8.  eriox ;  (3)  the  salmon  trout ;  (4)  the  common  trout,  including  the 
Gillaroo,  which  variety  he  recorded  having  met  with  in  most  fresh-water  races  ;  (5)  the  great  lake 
trout. 

Dr.  Giinther,  in  a  Cataloyue  of  fislies  in  the  British  Museum,  1866,  divided  the  genus  Salmo 
as  follows  : — Salmones  (=Trutt(C, 'Nilsson,  also  Fario  and  Salar,  Cuv.  and  Val.)  having  teeth  on  the 
head  of  the  vomer  and  also  along  its  body,  the  posterior  of  which  latter  become  lost  with  age  :  and 
Salvelini  or  chars  with  the  vomerine  teeth  at  all  ages  are  restricted  to  the  head  of  that  bone.  The 
former  were  subdivided  in  accordance  with  their  habits  into  "  anadromous  "  forms  or  such  as 
migrate  from  the  sea  into  fresh  water  to  breed,  and  the  non-migratory  fresh-water  forms.  He 
described  the  following  as  species  : — Anadromous  forms  :  (1)  Salmo  salar.  Vertebra,  59-60,  Cffical 
appendages,  51  to  77;  (2)  S.  argenteus,  Cicc.  pyl.  61-67  ;  (3)  S.  trutta.  Vert.  59-60,  Ca;c.pyl.  43-61; 
(4)  .S'.  orcadensis.  Vert.  56-57,  Ca;c.  pyl.  50  ;  (5)  .S'.  brachypoma.  Vert.  59,  Case.  pyl.  45-47  ;  (6)  S. 
cambricus.  Vert.  59,  Case.  pyl.  33-52.  While  of  the  non-migratory  fresh  water  forms,  he  admitted 
— (7)  ,S'.  levenensis,  Vert.  57-59,  Cajc.  pyl.  49-90;  (8)  ,S'.  fario,  northern  variety  yaimardi.  Vert. 
59-60,  Cffic.  pyl.  33-46,  southern  variety  ausonii.  Vert.  57-58,  Ca?e.  pyl.  38-47  ;  (9)  .S'.  ferox.  Vert. 
56-57,  dec.  pyl.  43-49  ;  (10)  ,S'.  stomachicus.  Vert.  59-60,  Case.  pyl.  44  ;  (11)  S.  yallivensis,  Vert. 
59,  CffiC.  pyl.  44  ;  (12)  S.  nigripinnis.  Vert.  57-59,  CffiC.  pyl.  36-42. 

Couch,  Fishes  of  the  British  Isles,  1864,  also  augmented  the  nominal  species  of  salmonidffi, 
describing  the  following : — (1)  Salmo  salar  ;  (2)  ,S'.  trutta,  which  he  termed  Peal,  and  observed  that 
under  several  names  it  exists  in  considerable  abundance  through  the  whole  extent  of  the  British 
Island  ;  (3)  ,S'.  cambricus  or  sewin ;  (4)  Sea  trout  from  the  Fowey  in  Cornwall,  evidently  identical 
with  the  so-called  hybrids  of  the  sewin ;  (5)  ,S'.  trutta  no.  2,  termed  salmon  trout,  which  he 
asserted  to  be  more  a  fish  of  the  north  than  the  generality  of  this  genus,  and  seemed  to  be 
identical  with  ,S'.  eriox,  Yarrell,  or  a  compound  of  .S'.  alhus  and  .S'.  cambricus. 

Day,  British  and  Irish  Fishes,  1880-84,  believing  many  of  the  reputed  British  species  to  be 
simply  local  races,  or  unstable  varieties,  decreased  the  number  to — (1)  the  Salmon,  Salmo  salar ; 
(2)  sea  trout,  ,S'.  trutta  and  its  several  varieties,  as  the  brook  trout,  Lochleven  trout,  &c. ;  (3)  the 
char,  .S'.  alpinus ;  and  (4)  the  American  char,  ,S'.  fontinalis,  which  had  been  acclimatized  by  fish- 
culturists. 
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The  head,  wliicli  is  comparatively  large,  is  divided  from  the  body  by  the  gill- 
openings,  while  the  eye  (fig.  4  e)  sub-divides  it  into  two  parts,  that  in  front  of  this 
organ  being  termed  the  ante-orbital  and  that  behind  it  the  post-orbital  region ;  in 


Fig.  4.  Outline  of  a  young  Lochleven  trout,  a.  anal  fin  :  ad.  adipose  dorsal  fin:  hr.  branchios- 
tegous  rays :  c.  caudal  fin  :  d.  rayed  dorsal  fin  :  e.  eye  :  i.o.  interopercle  ;  LI.  lateral-line  :  m.  maxilla : 
ma.  mandible  :  n.  nostrils  :  o.  opercle  :  jj.  pectoral  fin  :  iwi.  premaxilla  :  jm.  preopercle :  .so.  sub- 
opercle  :  s.r.  suborbital  ring  :  v.  ventral  fin  :  vt.  vent :  x.  peduncle  or  free  portion  of  the  tail. 

the  former  is  the  snout  wherein  are  placed  the  nostrils  {n)  and  the  mouth.  The 
region  between  the  orbits  is  known  as  the  inter-orbital  space,  while  that  below 
the  orbit  is  the  infra-  or  sub-orbital,  with  its  ring  of  bones  {s.r).  The  mouth  is 
somewhat  oblique,  and  rather  protractile.  The  gill-covers  or  opercles  consist  of 
four  pieces,  the  posterior  aiid  upper  of  which  is  the  opercle  or  operculum  (o).  In 
front  of  it  is  the  preopercle  (^o).  While  of  the  two  lower  pieces,  the  posterior  is 
known  as  the  sub-opercle  (so),  and  the  anterior,  situated  below  the  preopercle,  as 
the  inter-opercle  (i.o). 

The  body  or  trunk,  which  commences  just  behind  the  head,  passes  by  almost 
imperceptible  degrees  into  the  caudal  or  tail  portion,  the  vent  {vt)  separating  the 
two  regions.  While  the  finless  part  between  the  adipose  or  dead  fin  of  the  back 
{ad)  and  the  tail  fin  (c)  is  termed  the  peduncle  or  free  portion  of  the  tail  {x). 

The  skin  is  scaled,  and  the  row  of  pierced  scales  that  passes  along  the  side  is 
known  as  the  lateral  line  {l.l),  the  number  on  which  may  be  useful  in  assisting  in 
discriminating  a  species. 

If  the  composition  of  the  fins  in  fi.shes  of  this  family  is  examined,  we  perceive 


them  to  consist  of 
soft  rays  that  are 
either  simple  and 
undivided,  or  com- 
posed of  numerous 
pieces     articulated 


Fig.  5.     Caudal  ray  of  trout. 


to  one  another  by 
transverse  joints, 
and  which  rays  may 
have  their  outer  ex- 
tremities branched. 
A  ray  is  essentially 


formed  of  two  lateral  halves  fastened  together,  with  the  basal  ends  more  or 
less  separated,  as  seen  in  fig.  5,  which  represents  the  caudal  ray  of  a  trout 
where  the  divided  basal  extremity  embraces  both  sides  of  an  hypural  bone. 
Fin  rays  when  broken  may  reunite,  if  lost  they  may  likewise  occasionally  be 
reproduced,  but  often  in  an  incomplete  manner.* 

The  fins  are  divisible  into  such  as  are  single  and  unpaired,  hence  termed 
"azygous,"  as  those  along  the  median  line  of  the  back  or  dorsal  (fig.  4,  d  and  ad). 
The  tail  or  caudal  fin  (c),  placed  vertically  at  the  posterior  extremity  of  a  fish, 
where  it  may  be  seen  of  two  very^  distinct  types ;  in  the  generality  of  the  finny 
tribes  when  the  two  lobes  are  equal  it  is  termed  "  homocercal,"  as  in  the  perch  or 
carp  ;  whereas  in  the  sharks  and  some  other  allied  classes  the  vertebral  column  is 

*  According  to  M.  M.  Philipeau's  investigations  and  experiments  made  on  gudgeons,  Gohio 
fluviatilis,  he  found  that  the  fins  were  reproduced  only  when  the  basal  portion  at  least  is  left 
intact.  Having  removed  the  left  ventral  fin  on  a  level  with  the  abdominal  surface,  it  became 
completely  restored  in  eight  months.  In  another  example  he  repeated  the  operation,  also  taking 
away  the  small  bones  which  supported  it,  but  at  the  end  of  eight  months  there  was  no  trace  of  the 
fin's  regeneration.     {Comptcs  Ik'ndvs,  March  15th,  1809,  t.  Ixviii,  pp.  CG9-G70.) 
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prolonged  into  the  upper  half  of  this  caudal  fin,  rendering  it  unequally  lobed  or 
"  heteroccrcal."  Among  the  salmonida)  the  character  of  the  last  two  or  three  of 
the  vertebra  is  somewhat  interniodiate  between  these  two  forms  of  fin,  although 
externally  it  is  of  the  homoccrcal  or  eqnally-lobcd  type.  _  The  anal  (a) 
commences  behind  the  vent  (vt)  and  passes  along  the  median  line  of  the  lower 
surface.*  The  functions  of  the  dorsal  and  anal  fins  are  mostly  restricted  to 
increase  or  diminish  the  extent  of  the  lateral  surface,  by  means  of  their  being 
elevated  or  depressed,  and  so  preventing  violent  lateral  oscillations  or  the  body 
being  turned  upside  down. 

These  fishes  possess  two  pairs  of  horizontal  or  paired  fins,  one  on  the  breast 
(p)  or  pectorals  (also  known  as  chowk  fins),  corresponding  with  the  anterior 
extremities  of  higher  vertebrata  ;  while  the  second  or  ventral  pair  (v),  the  hoino- 
logues  of  the  hind  pair  of  limbs,  are  abdominal,  so  termed  as  being  near  the  hind 
end  of  the  body.  The  pectoral  can  assist  in  a  forward  movement  by  rapid  strokes 
towards  its  body,  and  likewise  in  a  backward  movement  by  means  of  reversed  or 
forwai'd  strokes.  Under  certain  circumstances  the  upper  rays  of  this  fin  are  useful 
in  respiration,  as  should  a  deficiency  of  air  exist  in  the  water,  when  they  are 
constantly  in  motion,  sending  a  current  towards  the  gills,  thus  in  very  young 
fish,  as  salmonoids,  prior  to  the  absorption  of  the  umbilical  vesicle,  they  are 
ceaselessly  employed  in  assisting  respiration.  In  some  localities  a  considerable 
developruent  of  this  fin  appears  to  be  constant,  but  it  is  generally  largest  in 
males. t  Variations  in  its  size  are  of  insufiicient  character  upon^which  to  constitute 
species. 

Experiments  have  demonstrated  that  should  both  the  dorsal  and  anal  fins  be 
removed,  the  fish  rolls  from  side  to  side :  if  one  pectoral  is  cut  off",  it  falls  over  to 
the  side  from  which  such  has  been  taken :  if  both  are  abstracted,  the  head  sinks  : 
should  the  pectoral  and  ventral  of  one  side  be  gone,  equilibrium  is  lost :  while 
removal  of  the  tail  fin  interferes  with  progi'ession. 

The  form  of  the  caudal  fin  amongst  these  fishes  alters  very  considerably  with 
age,  being  more  foi^ked  in  the  young  than  in  the  adult  :J  while  non-migratory 
varieties  of  trout  sometimes  have  it  less  so  than  do  the  young  of  the  anadromous 
races.  But  the  variations  are  exceedingly  numerous,  and  attention  has  to  be  paid 
to  the  age,  sexual  development,  and  locality  from  whence  the  specimen  was 
procured,  for  this  fin  would  be  required  to  possess  much  greater  power  in  rapid 
than  it  would  in  sluggish  streams,  while  although  excessive  use  might,  and 
probably  would  augment  its  extent,  the  same  influence  might  also  curtail  its  size 
by  wearing  off  its  extremities,  more  especially  its  corners,  as  will  be  more  fully 
entered  upon  when  arriving  at  the  description  of  the  various  forms  of  trout. 

Prior  to  examining  these  questions  some  fixed  method  on  which  to  proceed 
when  investigating  the  conformation  of  this  fin  is  desirable,  for  it  is  evident  that 
the  wider  it  is  expanded  the  less  will  be  the  comparative  emargination  at  its 
centre.  To  illustrate  this  the  following  figure  of  the  caudal  fin  is  given.  Here 
the  fin  is  placed  so  that  the  depth  of  the  free  portion  of  the  tail,  from  A  to  B, 
about  equals  the  distance  from  C  to  E,  and  E  to  D,  or  half  the  length  of  the 
expanded  fin  (C  to  D),  and  when  in  this  position  it  is  seen  to  be  but  slightly 
cleft.  But  should  the  distance  from  C  E  D  be  extended  about  one  half  more,  or 
from  C  to  E  and  on  to  D',  the  fin  then  becomes  merely  emarginate.  Or  in  the 
first  position  we  find  it  very  slightly  forked,  in  the  second  scarcely  concave,  and 

*  These  median  or  unpaired  fins  are  considered  by  some  to  be  appendages  to  the  skin,  but 
believed  by  Balfour  to  be  the  specialized  and  highly-developed  remnants  of  a  once  continuous 
lateral  fin  along  either  side. 

t  In  the  opinion  of  Agassiz,  trout  inhabiting  rapid  rocky  streams  have  their  fins  always  much 
developed  (Richardson,  Faun.  Bor.  Amer.  p.  169).  "  This  opinion  is  not  founded  on  observations 
in  nature.  Salmonoids  inhabiting  such  streams  are  distinguished  by  short  fins,  the  delicate 
extremities  being  worn  off  by  constant  activity  of  the  fish,  whilst  individuals  inhabiting  still 
waters  show  the  fins  proportionately  longer.  Hence  mature  specimens  have  the  fins  more  rounded 
and  shorter  than  the  sterile  ones,  on  account  of  their  greater  activity."     (Giinther,  Catal.  vi. 

P-  149.)  ,        ,      , 

\  Widegren  likewise  believed  that  sexually  mature  individuals  have  the  oaudal  fin  less  deeply 
cleft  than  immature  ones  of  the  same  age  and  size. 
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this  is  a  very  noteworthy  fact,  as  in  some  instances  in  which  there  exists  a 
discrepancy  in  the  acconnts  of  two  authors  as  to  the  shape  of  this  fin,  such  may 
be  owing,  not  to  an  error  in  facts,  but  to  a  difference  in  the  method  in  which  the 
examination  was  conducted. 


Fig.  6.     Caudal  fin  of  a  sea  trout,  expanded  half  and  two-thirds. 

Locomotion  is  the  main  use  to  which  the  fins  of  fishes  are  put,  but  even  in 
locomotion  other  forces  are  frequently  or  rather  generally  brought  into  play  to 
assist  the  fins,  whether  such  is  for  the  purpose  of  swimming,  or  for  leaping  as  in 
the  salmon  Avhile  ascending  rapids  when  the  muscles  of  the  tail  are  of  great 
assistance. 

The  skeleton*  or  endo- 
skeleton  of  Salmonoids, 
consists  essentially  of  a 
skull  and  a  vertebral  or 
spinal  column  (to  which 
are  certain  appendages) 
these  forming  a  protection 
to  the  cerebro-spiual  ner- 
vous system  and  large 
blood-vessels  present  in 
the  long  axis  of  the  body. 
The  vertebra3,  of  which 
the  spinef  is  made  wp, 
consist  of  a  varying  num- 
ber of  bones,  the  bodies  of 
each  of  which  are  excavated 


^^ 


at  either  end  causing  them 
to  be  bi-concave  or  amphi- 
coelous.  The  cavity  pro- 
duced by  the  apposition  of 
the  two  concave  surfaces  is 
filled  up  with  gelatinous 
substance  the  remains  of 
the  notochoi'd,  while  it  is 
covered  in  by  connecting 
ligaments.  Consequently, 
between  the  vertebrte  are 
elastic  balls  of  semifluid 
consistence  which  enables 
them  to  move  freely  one 
upon  another. 


Fig.  7.  Section  of  two  caudal 
vcrtebrffi  of  a  salmon,  c.  cen- 
trum :  ha,  hremal  arch :  7(.s. 
haemal  spine  :  na,  neural  arch  : 
7is.  neural  spine. 

*  The  numerals  employed  for  the  various  bones  in  this  work  are  almost  identical  with  those 
of  Cuvier  and  Owen,  being  as  follows  : — 1,  Frontal.  2,  Prefontal.  3  (Ethmoidc,  Cuv.),  Nasal. 
4,  Postfrontal.  5  {lldsilairc,  Cuv.),  Basioccipital.  G  (.S>/ic'«o;(?ep-/HC?>(/,  Cuv.),  Basisphenoid. 
7,  Parietal.  S  {Interparietal  ou  Occipital  siqjericur,  Cuv.),  supra-occipital.  9  {Occipital  exicriie, 
Cuv.),  Paroccipital.  10  {Occipital  lateral,  Cuv.),  Exoccipital.  11,  Alisphcnoid.  12,  Mastoid. 
13  {llocher,  Cuv.),  Petrosal  and  Otostcal.  14,  Orbitosphenoid.  15  {SpJicm'ide  antcrieur,  Cuv., 
Ethmoid  and  Ethmoturhinal,  Owen),  Basisphcnoid  (Huxley).  16,  VOmer.  17  {Intcnita.villairf, 
Cuv.),  Prcmaxillary.  18,  Maxillary.  19  {Sous-orbitairc,  Cuv.),  Infraorbital  ring.  20  {Nasal,  Cuv.), 
Turbinal.     22,  Palatine.     23  {Temporal,  Cuvier,  Epitympanic,  Owen),  Hyomandibular  (Huxley). 
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The  abdominal  or  trunk 
vertebra)  have  two  superior 
or  dorsal  processes,  which 
passing  upwards  coalesce  and 
form  an  arch  (»a),  termed 
the  neural  arch  which  protects 
the  spinal  chord.  At  the 
summit  of  this  arch  the  bones 


join  and  form  a  spinous  elon- 
gation, the  neural  spine  (ns). 
Two  epiplcui-al  spines  (cs) 
pass  outwards  from  tlie  body 
of  each  vertebra?,  while  from 
either  side  a  rib  is  directed 
downwards. 


Fig.  8.    Abdominal  vertebra  of  salmon,    c.  centrum  or  body  : 
na.  neural  arch  :  iis.  neural  spine:  cs.  cpipleural  spine. 

The  caudal  vertebra3  (fig.  7)  arc  furnished  superiorly  with  neural  arches,  (no) 
and  spines  (ns),  but  well  developed  transverse  processes  are  absent,  Avhile  along 
the  lower  sui'faces  of  the  bodies  of  each  is  a  second  or  the  haemal  arch  (ha)  which 
serves  to  protect  blood  vessels,  while  inferiorlj  from  this  arch  springs  a  hcemal 
spine  (hs). 

Along  the  median  line  of  the   body,  between   the  neural  or  hcemal  spines 
certain   vertically    directed   dagger-shaped   bones   are   inserted,    to   which    are 
attached  the  bases  of  the  dorsal  and  the  anal  fins. 
The  hindmost  cau- 


dal vertebra,  which 
is  of  a  small  size,  ai'- 
ticulates  posteriorly 
with  a  fan-shaped 
bone,  which  alonef 
with  the  last  few  '']J 
haemal  pi'ocesses  are 
similarly  enlarged 
and  flattened,  and 
termed  hypural 
bones  (%),  which 
support  the  main 
portion  of  the  caudal 
fin.  The  last  two 
vertebrae  are  ereuer- 


ally  counted  as  one, 
a  course  I  shall  fol- 
low, as  in  specimens 
when  fresh  or  in 
spirit  it  sometimes 
becomes  diflScult  to 
distinguish  the  line 
of  separation  be- 
tween these  two 
bones.  The  epipleu- 
i"al  in  the  embryonic 
stage  is  connected 
with  the  termina- 
tion of  the  noto- 
chord  which  lies 
beneath. 


Fig.  9.  Hind  end  of  vertebral  column  of  a 
salmon,  ha.  hfemal  arch  :  hs.  ha;mal  spines  : 
hy.  hypural  bones  :  na.  neural  arch  :  ?),s.  neural 
spine. 

24  (Os  transverse,  Cuv.),  Pterygoid.  25  (Pteri/gouUen  interiie,  Cuv.),  Entopterygoid.  26  (Jugal, 
Cuv.,  Hypotympanic,  Owen),  Quadrate  (Huxley).  27  {Tympanal,  Cuv.  Pretympanic,  Owen), 
Metapterygoid  (Huxley).  28,  Opercle.  29,  Stylohyal.  30,  Preopercle.  SI  (Jlesotymjyaiiic,  Ov;en), 
Symplectic.  32,  Subopercle.  33,  Interopercle.  34,  Dentary.  35,  Articular.  36,  Angular. 
37,  Epihyal.  38,  Ceratohyal.  39  and  40,  Basihyal.  41  (Os  linyual,  Cuv.)  Glossohyal.  42  (Queue 
de  Vos  hyolde,  Cuv.),  Urohyal.  43,  Branchiostegal  rays.  46  (Surscapulaire,  Cuv.  Post-temporal, 
Parker),  Suprascapular.  47  (.S'»^;)-«c?ar(CMZa,  Parker),  Scapula.  48  {Humeral,  Cuv.  Claricula, 
Parker),  Coracoid.  49  and  50  {Coracoid,  Cuv.  Postclavicula,  Parker),  Epicoracoid.  51  {Cubical, 
Cuv.  Coracoid,  Parker),  Eadius.  52  {Radial,  Cuv.,  Scapula,  Parker),  Ulna.  53,  Carpals.  53  bis,  54, 
and  55,  Basibranchials.  56,  Inferior  Pharyngeals.  57,  Hjijobranchial.  58,  Ceratobranchials. 
59,  Upper  Epibranchials  of  first  branchial  arch.  61,  Epibranchials.  62  {Pliaryngohranchial, 
Owen),  Superior  Pharyngeals.  68,  Abdominal  vertebra.  69,  Caudal  vertebra}.  70,  Hyi^urals. 
72,  Rib.  73,  Epipleural  spines.  74,  Interneural  spines.  76,  First  Intemeural.  79,  Interhasmal 
spmes.     80,  Pubic. 

t  Owen  considered  that  the  skulls  of  these  fishes  are  originally  composed  from  four  vertebrffi 
irrespective  of  bones  of  the  splanchnoskeleton  and  dermoskeleton  :  while  Stannius,  Parker,  and 
others  have  arranged  them  in  accordance  with  their  development. 


16  SALMONID^   OF  BRITAIN. 

As  already  remarked  tlie  number  of  vertebrce  in  the  spinal  column  of 
Salmonoids  is  not  invariably  identical  in  every  individual  of  any  given  species, 
and  this  inconstancy  may  be  natural  or  consequent  upon  accident  or  disease. 
Occasionally  a  very  large  one  may  be  seen  occupying  the  space  where  two  natui'ally 
exist,  as  shown  by  the  number  of  neural  or  haemal  arches  and  spines  (figure  7) 
for  two  bones  being  present,  or  even  the  bodies  of  several  vertebrae  appear  to  coalesce 
into  one  as  will  be  more  fully  observed  upon  when  the  description  of  the  hog- 
backed-trout  is  arrived  at.  On  the  other  hand  two  or  even  three  small  vertebrte 
may  take  the  place  of  one  large  one.  In  fishes  wherein  the  number  of  these 
bones  is  normally  about  sixty  an  extreme  variation  of  four  or  five,  especially  when 
such  has  not  been  shown  to  be  constant,  cannot  be  looked  upon  as  beyond  what 
might  reasonably  be  anticipated  in  a  single  species,  and  inconstant  variations, 
unless  conjoined  to  other  differences,  would  scarcely  justify  the  creation  of  new 
specific  names  for  their  reception. 

The  skull,  or  that  portion  of  the  skeleton  which  articulates  posteriorly  with 
the  first  vertebra,  encloses  the  brain  as  well  as  forms  the  face,  and  although  it 
contains  too  many  component  parts  to  be  fully  discussed  here,  still  a  few  remarks  are 
necessary  respecting  such  bones  as  more  or  less  constitute  the  orbit,  mouth,  and 
respiratory  organs,  while  it  must  be  noted  that  the  bones,  especially  of  the  head, 
undergo  great  changes  with  age,  even  after  the  maturity  of  the  fish  has  been 
arrived  at. 

The  upper  jaw  is  formed  of  two  main  bones,  the  premaxillai-ies  (Plate  I,  No. 
17),  which  are  furnished  with  teeth  and  placed  at  the  anterior  end  of  the  snout  in 
the  middle  line  of  the  head.  The  posterior  portion  of  the  bone  passes  upwards  and 
backwards,  while  the  anterior  or  the  tooth-bearing  portion  forms  the  upper  and 
front  edge  of  the  mouth.  The  maxilla  (18)  is  likewise  toothed  and  artic^^lates 
with  the  palatine  bone  :  it  is  somewhat  dilated  towards  its  distal  end,  where  a 
small,  ovoid-shaped,  supplementaiy  bone  (18')  rests  upon  its  upper  and  outer 
surface  and  has  been  likened  to  an  ossified  labial  cartilage.  The  maxilla  and 
premaxulary  are  connected  together  by  a  narrow  membrane,  causing  them  to 
move  parallel  to  each  other.  The  width  and  strength  of  the  maxilla  in  adult 
fishes  depends  to  a  considerable  extent  upon  the  food  on  which  the  fish  has  sub- 
sisted during  its  lifetime,  it  being  comparatively  stronger  in  the  trout  than  in  the 
salmon  and  in  fresh-water  than  in  anadromous  races.  If  it  has  been  much  called 
into  action  it  may  greatly  exceed  in  size  and  strength  what  is  present  in  examples 
in  which  it  has  been  less  employed.  It  appears  to  be  almost  the  invariable 
rule  that  the  jaws  are  larger  in  adult  males  than  in  females,  while  in  old 
examples  the  lower  jaw  is  provided  with  a  hook  at  its  extremity,  that  is  seasonably 
developed  during  the  breeding  period,  but  is  always  more  or  less  present  in 
old  specimens. 

The  mandible  or  lower  jaw,  consists  of  two  branches  or  rami,  connected 
together  anteriorly  in  the  median  line  by  ligament,  where  it  is  called  the  symphysis 
and  which  union  becomes  ossified  in  old  fish.  Each  branch  of  the  jaw  is  made  up 
of  several  pieces  in  the  young,  which  ai^e  solidified  into  one  by  age.  The  upper 
and  anterior  being  the  largest  portion  of  the  jaw  (34),  bears  teeth  and  is 
termed  the  dentary  part,  its  inner  surface  is  deeply  excavated  in  order  to  receive 
a  cylindrical  cartilage  or  "  Meckels  cartilage,"  the  remains  of  an.  embryonic 
condition,  the  small  angular  (36)  and  articular  (35)  portions  of  this  bone  being 
ossified  portions  of  that  cartilage.  Behind  the  dentary  portion  and  along  the 
upper  edge  is  the  articular  bone  which  on  its  upper  and  posterior  edge  has  an 
articular  cavity  which  receives  the  quadrate  (26)  and  also  sends  up  a  coronoid 
process  to  which  a  ligament  from  the  maxillary  and  masticatory  muscles  is 
attached  :  this  bone  anteriorly  is  more  or  less  sheathed  in  the  rougher  dentary 
portion. 

The  suborbital  ring  of  bones  (19)  passes  round  the  lower  edge  of  the  eye,  and 
consists  of  several  pieces,  the  anterior  of  which  is  often  termed  the  pre-orbital  or 
lachrymal. 

The  opercular  pieces  or  those  bones  forming  the  gill-covci'S  (28,  30,  32,  33) 
have  already  been  referred  to  (page  12  ante)  the  most  anterior  or  innermost  the 


BONES,  MUSCLES  AND  NERVES —THIKST.  17 

preopei'cle  (30)  articulating  with  tho  tympano-mandibular  arch  of  tho  skull, 
or  the  hyomamlibular  (23)  and  the  symplectic  (31).  When  remarking  upon  tho 
form  of  the  opercular  bones  it  must  not  be  overlooked  that  three,  28,  42,  33,  at 
their  edges,  often  more  or  less  overlap  one  another. 

The  scapular  arch  which  supports  the  pectoral  fin  is  joined  to  the  occipital 
bone,  and  contains  the  following  bones  commencing  from  above :  the  supra- 
scapular (4(3),  articulating  with  which  is  the  scapular  (47),  next  the  coracoid  (48), 
and  attached  to  it  is  the  cpicoracoid  (49,  50),  while  it  is  united  below  either  by 
suture  or  ligament  to  the  same  bone  on  the  opposite  side.  To  the  coracoid  (48) 
are  articulated  two  others,  the  radius  (51),  and  ulna  (52),  and  two  rows  of  small 
bones  placed  between  the  forearm  and  the  fin,  or  the  carpals  (53)  and  meta-carpals. 

The  form  of  the  preopercle  varies  among  individuals  belonging  to  the  same 
species,  sometimes  the  change  being  merely  due  to  age  or  sex,  but  in  some  races 
the  development  of  its  lower  limb  is  much  more  pronounced  than  it  is  in  others 
obtained  from  a  difterent  locality.  This  merely  shows  that  in  the  marine  as  well 
as  in  the  fresh-water  races  there  are  fish  subject  to  variations  in  the  shape  of  this 
bone.  The  lower  limb  is  very  short  in  the  young,  elongating  with  age  in  some 
forms,  but  not  so  in  others  ;  while  an  arrest  of  development  may  easily  take  place 
even  on  opposite  sides  of  the  head  of  a  specimen,  which,  were  this  the  sole 
criterion  of  species,  might,  and  sometimes  does,  produce  forms  said  to  be  typical 
of  Salmo  tnitta  on  one  side  of  the  head,  and  S.  albus  or  hracliyi)oma  on  the  other. 

The  hyoid  arch  which  is  composed  of  a  central  and  two  lateral  portions,  is 
attached  to  the  temporal  bones  by  two  slender  styliform  ones  termed  stylo-hyoids 
(29).  The  bones  along  the  two  branches  commencing  from  behind  forwards  are 
the  epihyal  (37)  to  which  the  stylo-hyoids  are  affixed :  the  ceratohyal  (38)  to 
which  the  branchiostegal  rays  are  attached  at  their  bases,  next  two  small  bones 
termed  basihyals  (39,  40)  between  which  the  small  glossohyal  (41)  extends  forwards 
to  the  tongue,  while  a  single  bone,  the  urohyal  (42),  passes  backwards. 

Of  the  five  branchial  ai-ches,  four  bear  gills  and  one  is  destitute  of  them  ; 
bounded  externally  by  the  hyoid  arch  they  are  attached  inferiorly  and  along 
the  median  line  to  a  chain  of  bones,  the  basibranchials  (53,  54,  55),  which  are 
situated  above  the  urohyal  (42)  and  are  anteriorly  connected  with  the  body  of 
the  hyoid.  These  branchial  arches  pass  upwards,  and  are  attached  by  ligaments 
to  the  under  surface  of  the  skull.  The  three  anterior  branchial  arches  are  each 
composed  of  four  pieces  of  bone,  which  commencing  from  their  inferior  attachment 
are  known  as  the  hypobranchial  (57),  ceratobranchial  (58),  and  the  epibranchial 
(61).  In  the  fourth  arch  the  epibranchial  piece  is  wanting,  and  superiorly  the 
more  expanded  upper  piece  which  generally  bears  teeth,  is  known  as  the  superior 
pharyngeal  bone  (62) :  while  the  fifth  arch  is  composed  of  the  ceratobranchial 
(58)  only,  and  known  as  the  inferior  pharyngeal,  and  likewise  is  furnished  with 
some  fine  teeth. 

The  chief  masses  of  muscular  structure  are  seen  in  the  four  great  lateral 
muscles  of  the  body,  which  are  arranged  longitudinally,  but  divided  by  oblique 
tendinous  bands  of  a  gelatinous  character  (and  which  dissolve  on  boiling)  into 
numerous  flakes  or  semi-conical  masses  termed  myocommas.  These  four  longitu- 
dinal layers  of  muscles  have  the  tendinous  bands  directed  much  as  follows  :  the 
upper  series  passing  downwards  and  backwards,  the  succeeding  layer  downwards 
and  forwards,  the  third  downwards  and  backwards,  and  the  lowest  downwards  and 
forwards.  These  flakes  are  arched  backwards,  being  convex  anteriorly.  The 
number  of  tendinous  intersecting  bands  correspond  with  the  vertebrae  into  which 
they  are  inserted.* 

The  nervous  system  in  these  fishes  in  proportion  to  that  of  the  general  mass  of  the 
body  is  comparatively  small,  while  in  the  adult  the  brain  does  not  fill  the  cranial  cavity. 

As  regards  thirst,  it  would  seem  either  to  be  unknown  to  these  creatures  ;  or 
living  as  they  do  in  a  watery  medium  it  may  be  quenched  by  means  of  endosmosis 
through  the  skin.  Were  this  not  the  case  it  would  be  difficult  to  conceive  how 
such  a  longing  could  be  satisfied  while  residing  in  salt  water. 

*  For  an  account  of  the  various  muscles  employed  for  the  movement  of  the  fins,  the  jaws, 
eyes,  breathing,  &c.,  the  student  must  be  referred  to  treatises  on  comparative  anatomy. 
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The  skiu,  excluding  that  of  the  head,  is  scaled,  the  scales  being  cycloid  and 
partially  imbedded  at  their  bases,  the  posterior  or  external  portions  of  each  over- 
lapping its  neighbour  like  tiles,  and  consequently  they  are  termed  imbricate.  They 
have  their  free  edges  directed  backwards,  thus  preventing  their  being  any 
impediment  in  the  water  when  swimming.  Scales  increase  in  size  in  proportion 
with  the  growth  of  the  body  of  the  fish  :  consequently  the  adult  has  the  same 
number  as  the  young,  and  also  they  are  imbricated  to  much  the  same  extent.  The 
number  of  rows  existing  along  the  lateral  line  is  subject  to  considerable  variation, 
while  those  in  a  lino  passing  from  the  hind  edge  of  the  adipose  dorsal  fin 
downwards  and  forwards  to  the  latei-al-line  afford  one  of  the  most  constant 
characters  by  which  these  fishes  may  be  discriminated,  there  being  from  10 
to  11  in  S.  salar  and  its  varieties,  and  13  to  15  in  the  various  forms  of  British 
trout. 

Although  fishes  do  not  periodically  shed  or  change  their  scales  as  birds  do  their 
feathers,  still  such  as  have  been  lost  by  injury  can  be  renewed.  Special  organs  of 
touch  are  developed  in  fishes  in  several  different  manners.  Even  papillae,  as  round 
the  mouths  or  on  the  lips,  of  some  forms  are  highly  sensitive,  and  as  has  been 
shown  by  Leydig  and  others  they  are  abundantly  supplied  with  nerves. 

The  lateral-line  consists  of  a  series  of  tiibes  along  either  side  of  the  body,  and 
is  often  known  as  the  muciferous  system ;  but  although  from  it  mucous  is 
excreted,  it  is  essentially  an  organ  of  sense,  and  as  such  is  variously  modified, 
while  the  inside  of  the  canal  is  lined  with  epithelial  cells,  and  here  nerves  ramify, 
and  terminate  in  an  expansion. 

Intimately  related  to  the  tegumentary  system  and  the  composition  of  scales  is 
the  subject  of  colour.  Among  the  finny  tribes  the  display  of  colour  may  be  of  the 
most  varied  description,  some  tints  being  permanent,  many  transient,  and  others 
again  of  periodical  occurrence.  Certain  of  these  coloui's  are  due  to  the  influence  of 
light*  while  they  may  vary  in  the  same  fresh- water  species  owing  to  the  character  of 
the  water  they  inhabit ;  for  should  the  latter  be  opaque  and  muddy,  fish  as  a  rule 
are  darker  than  when  obtained  from  localities  where  it  is  clear,  those  in  running 
streams  are  generally  lighter  and  brighter  than  when  from  stagnant  pools,  or 
such  as  are  from  shallow  pieces  of  water  than  from  those  that  are  deep,  while  if 
captured  in  dark  caverns  they  are  frequently  destitute  of  both  coloiir  and  vision. 

Age  and  season  likewise  exercise  an  influence  in  this  respect,  as  do  also 
the  state  of  health  and  temporary  local  emotions.  In  the  very  young  but  few 
markings  or  colours  are  present,  but  these  rapidly  develop  themselves  by  the 
time,  or  even  before,  the  first  breeding  season  has  been  reached,  when  the  brilliancy 
of  the  individual  has  often  attained  to  its  maximum.  This  nuptial  adornment  is 
generally  acquired  a  short  time  prior  to  this  period,  subsequent  to  w^hich  it  usually 
disappears.  Some  see  in  the  markings  on  these  creatures  grounds  for  assuming 
the  probability  of  the  descent  of  many  forms  from  some  common  ancestral 
progenitor.  Thus,  among  the  young  of  the  members  of  the  Salmonida',  dark 
bands  or  bars  down  the  sides  are  almost  universal,  being  evidently  hereditary 
throughout  the  family. f  These  bars,  as  well  as  the  black  and  red  spots,  are  almost 
lost  in  anadromous  forms  when  they  are  in  a  condition  to  migrate  into  salt  water, 
for  then  they  assume  their  silvery  smolt  stage.  In  large  rivers  it  is  rare  for  bands 
to  be  retained  in  adult  trout,  while  most  of  the  black  and  red  ocellated  spots  as  a 
rule  remain,  although  instances  have  been  recorded  in  which  they  have  entirely 

*  Pouchet  and  others  have  pointed  out  that  the  changeable  tegumentary  colours  of  fish 
depend  more  especially  upon  two  conditions.  Firstly,  we  have  iridescence  effected  by  an  interference 
with  the  rays  of  light,  owing  to  the  presence  in  the  scales  of  thin  plates  or  ridges,  and  in  these 
forms  the  tints  change  with  great  rapidity  in  accordance  with  the  angle  at  which  they  are  viewed : 
such  lamellar  coloviring  is  common  among  insects,  Crustacea,  and  some  fishes — it  is  beautifully 
seen  in  the  Dolphin,  Corijphwna,  and  the  scale  of  a  common  herring  furnishes  a  good  example. 
Secondly,  a  distinct  anatomical  element,  as  chromatophores  or  colour-sacs,  which  are  often  highly 
coloured,  may  be  present  and  capable  of  changing  their  form  under  special  influences,  which  are 
apparently  directly  connected  with  impressions  of  colour  received  by  the  eye  and  brought  about 
by  the  reflex  action  of  the  nervous  system. 

_  t  This  same  banding  of  the  young  is  seen  in  some  species  of  the  horse-mackerel  or  Varanx, 
flying-fish  or  Exocatiis,  the  gar-fish  or  Belone,  &c.,  in  which  they  are  usually  a  sign  of  the 
iinmaturity  of  the  individual. 
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disappcai-ed.     While  in  some  mountain  streams  they  are  present  in  fish  weighing 
as  niucli  as  half-a-ponnd. 

Wo  may  generally  anticipate  non-migratory  forms  being  more  vividly- 
coloured  than  such  as  are  periodically  residents  in  the  sea,  or  brackish  water, 
Avhich  seems,  as  a  rule,  to  cause  a  fish  to  assume  a  general  silvery*  or  steel  colour 
with  or  witliout  X-shaped  or  starredf  black  spots,  and  these  latter  are  not 
surrounded  by  a  light  circle.  On  the  other  hand,  as  will  be  more  fully  referred 
to  under  the  head  of  "  trout,"  some  examples  from  lochs  and  also  from  fresh-water 
localities  where  access  to  or  from  the  sea  is  impossible,  are  found  to  be  of  a  silvery 
colour,  due  to  local  circumstances  or  possibly  sterile  conditions  of  the  specimens. 

The  sense  of  taste  in  fishes  is  popularly  considered  to  be  but  slightly 
developed,  a  conclusion  to  a  great  extent  arrived  at  because  most  fish  bolt  their 
food.  On  the  other  hand,  the  angler,  line-fisherman,  and  pisciculturist  perceivo 
that  they  will  often  ravenously  devour  one  kind  of  food,  rejecting  another,  that 
they  have  their  likes  and  dislikes,  which  must  have  some  connection  with  the 
character  of  the  object  or  else  with  its  taste. 

That  fishes  possess  the  sense  of  smell  has  long  been  laiown,  and  in  olden 
times  anglers  employed  certain  essential  oils  to  add  zest  to  their  baits.  Some 
Salmonoids  are  now  and  then  captured  which,  due  to  accident,  disease,  here- 
ditaiy  malformation  or  want  of  development,  ai-e  found  totally  devoid  of 
vision,  and  yet  are  in  good  condition  and  well-nourished,  and  the  question 
arises  how  did  they  obtain  food  ?  In  addition  to  the  sense  of  touch  they  are 
provided  with  organs  of  smell  to  enable  them  to  receive  impressions  from  the 
surrounding  medium,  directing  them  to  their  food  or  warning  them  against 
impurities  in  the  water.  These  organs  are  situated  much  as  we  perceive  them  in 
the  higher  animals,  but  they  do  not  communicate  with  the  mouth,  nor  are  they 
related  to  the  function  of  breathing,  for  were  their  delicate  lining  membrane 
subject  to  incessant  contact  with  currents  of  water,  it  would  doubtless  have  a 
deteriorating  effect,  owing  to  the  density  of  the  respired  element.  The  nosti-ils 
are  depressions  or  cavities,  lined  with  a  large  amount  of  a  highly  vascular  pituitary 
membrane,  packed  into  as  small  a  compass  as  possible,  while  there  are  two  external 
openings  situated  on  either  side  of  the  median  line  of  the  snout. 

Hearing  is  developed  in  fishes,  and  it  is  very  remarkable  how  any  diversity  of 
opinion  can  exist  as  to  their  possessing  this  sense.  Lacepede  relates  how  some 
fish,  which  had  been  kept  in  the  basin  of  the  Tuileries  for  upwards  of  a  century, 
would  come  when  they  were  called  by  their  names ;  while  in  many  parts  of 
Germany,  trout,  carp,  and  tench  were  summoned  to  their  food  by  the  ringing  of  a 
bell.  The  internal  auditory  apparatus  is  placed  within  the  cranial  cavity  ;  its  chief 
constituent  parts  are  the  labyrinth,  which  is  composed  of  three  semi-circular 
canals  and  a  vestibule,  which  latter  expands  into  one  or  more  sacs,  where  the  ear- 
bones  or  otoliths  are  lodged.  A  tympanum  and  tympanic  cavity  are  absent. 
They  possess  fontanelles  between  the  bones  forming  the  roof  of  the  skull,  and 
which,  being  closed  by  very  thin  bone  or  skin,  sounds  from  the  surrounding 
water  may  be  readily  transmitted  to  the  contiguous  internal  ear.  But  the  chief 
mode  in  which  hearing  is  carried  on  must  be  due  to  the  surface  of  the  fish  being 
affected  by  vibrations  of  the  water,  and  the  sounds  are  transmitted  directly  to  the 
internal  ear,  or  else  by  means  of  the  air-bladder  acting  as  a  sounding-board. 

The  methods  adopted  by  fish  to  communicate  with  one  another  are  various, 
thus  in  some  forms  a  distinct  sound  is  emitted,  as  in  the  horse-fishes,  Hiiipocampi  : 
while  among  the  Salmonidce  it  is  not  unusual  for  the  angler,  when  the  water  is 

*  Mr.  Lockington  (American  Naturalist,  May,  1880,  p.  368)  observed  somewhat  the  same 
phenomenon  in  the  Western  hemisphere,  where  the  Salmo  irideiis,  a  resident  in  all  Calif ornian 
brooks  and  rivers,  descends  in  the  autumn  to  the  sea,  and  when  in  salt  water  changes  its  colour 
to  a  steel  blue,  while  its  spots  mostly  disappear. 

t  It  cannot  be  admitted  that  the  black  X-shaped  or  starred  spots  are  invariably  due  to  the 
influence  of  salt  water,  as  we  see  them  present  in  our  strictly  fresh-water  grayling,  ThyimUtis, 
also  salmon  grilse  reared  entirely  in  fresh  water  have  many  more  spots  than  the  marine  visitant 
{see  plates  III  and  IV).  While  in  Willoughby  (p.  194)  we  find,  "  in  Salmonum  et  Truttaruni 
speciebus  distinguendis  nimium  ne  crede  colori,"  and  we  may  also  apply  the  words  of  Ovid 
concerning  the  Polvpus  to  these  fishes,  "  Sub  lege  loco  mutatqne  colorem." 
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even  moderately  clear  and  he  has  alarmed  a  trout,  to  observe  that  it  first  ceases 
feeding  in  order  to  watch  him;  subsequently,  if  imsatisfied,  it  darts  away,  and 
immediately  all  which  may  be  within  sight  do  the  same,  apparently  alarmed  at 
the  movements  of  the  first  fish. 

Before  offering  remarks  upon  respiration  as  efi'ected  among  these  fishes, 
some  observations  appear  to  be  desirable  respecting  their  air-  or  swim- 
bladders.  This  organ  may  be  likened  to  a  sac  placed  in  the  abdominal  cavity 
above  the  centre  of  gravity  where  it  lies  beneath  the  backbone  or  vertebral 
column  from  which  it  is  separated  by  the  kidneys,  while  inferiorly  the  peritoneum 
lies  between  it  and  the  intestines.  In  the  embryo  it  origina.tes  as  an  offshoot 
from  the  dorsal  surface  of  the  upper  portion  of  the  alimentary  canal,  and 
subsequently  elongates  into  a  blind  tube,  the  terminal  portion  of  which  finally 
enlarges  into  what  constitutes  the  air-bladder. 

The  air-bladder  is  generally  considei'cd  to  be  homologous  with  the  lungs*  of 
some  of  the  higher  orders  of  vertebrates, f  being  a  sac  with  an  outer  fibrous  and 
glistening  coat ;  and  an  inner  mucous  and  vascular  one.  A  pervious  pneumatic 
duct,  the  remains  of  the  embryonic  structure,  exists  throughout  life,  connecting  it 
with  the  dorsal  surface  of  the  alimentary  canal.  Its  uses  are  mainly  mechanical, 
as  a  hydrostatic  organ  or  for  the  purpose  of  flotation  as  by  a  conti'action  or 
distention  of  its  walls  it  is  able  to  condense  or  rarify  the  contained  gases,  thus 
enabling  its  possessor  to  maintain  a  desired  level  in  the  water.  The  fish  has 
likewise  the  power  of  renewing,  expelling,  compressing  or  dilating  its  gaseous 
contents,  so  that  it  can  rise  or  fall  as  necessity  or  inclination  dictates.  It  has 
also  acoiTstic  uses,  being  partially  employed  for  hearing,  owing  to  its  connection 
with  the  internal  ear. 

During  respiration  the  blood  is  oxygenated  at  the  gills,  by  means  of  the 
oxygen  (of  the  atmospheric  air  which  is  normally  present  in  water)  and  carbonic 
acid  gas  passes  off.  For  the  purpose  of  breathing  the  fish  takes  or  gulps  in 
water  by  its  mouth,  this  passes  backwards  to  the  gills,  and  is  then  discharged 
outwards  by  the  gill-openings.  Should  anything  prevent  the  water  passing 
as  described,  or  should  the  delicate  fringes  of  the  gills  become  dry  so  that 
they  adhere  together,  or  should  they  be  choked  by  mud,  the  blood  cannot  be 
oxygenated.  While  various  causes,  as  heat,  or  the  water  being  at  a  very  high 
elevation,  may  occasion  an  insuSiciency  of  air  being  present  in  it,  thus  impeding 
or  even  entirely  stopping  respiration,  as  would  also  be  the  case  were  the  fish  in 
distilled  water.  Both  an  arterial  and  venous  circulation  are  present,  one  for 
nutrition,  the  other  for  excretion  as  by  respiration  or  other  means,  while  a  portal 
system  also  exists. 

The  heart  is  situated  a  short  distance  behind  the  lower  jaw  and  between  the 
branchial  and  abdominal  cavities,  it  consists  of  an  auricle  or  atrium  having  thin 
walls  and  into  which  a  large  venous  sinus  that  is  situated  outside  the  pericardiac 
cavity,  and  which  receives  the  blood  from  the  venous  system,  empties  itself. 
It  also  possesses  a  strong  muscular  ventricle  and  an  arterial  bulb,  this  latter 
being  a  pear-shaped  enlargement  situated  at  the  base  of  the  arterial  system  and 
termed  the  "  bulbus  arteriosus  "  which  is  destitute  of  contractile  power. 

According  to  the  experiments  of  Dr.  J.  Davy,  when  water  in  which  trout  were 
jjlaced  was  artificially  raised  to  75*^  or  more  they  became  very  active  and  tried 
to  leap  out ;  on  the  contrary  when  a  char  was  similarly  treated  with  water  of  80*^ 
it  went  to  the  bottom  with  its  head  downwards  as  if  seeking  a  cooler  stratum. | 

*  Among  Dipnoids  it  is  double,  lung-like,  and  communicates  throughout  life  by  means  of  a 
duct  and  glottis  with  the  a'sophagus  or  pharynx  and  on  its  ventral  side.  In  the  sturgeon  this 
organ  does  not  appear  to  be  employed  for  respiration,  while  it  opens  on  the  dorsal  surface  of  the 
alimentary  canal  and  is  not  guarded  by  a  glottis. 

f  Professor  Albrecht,  of  Brussels,  remarked  {PJiysioIogical  Society  of  Berlin,  Jan.  16th,  1885) 
that  "  many  naturalists  were  of  opinion  that  the  swimming-bladder  was  homologous  with  the 
lungs,  which  likewise  represented  a  tube  in  communication  with  the  intestinal  tract,  an  opinion 
however  decidedly  opposed  to  the  views  of  the  speaker,  for  in  all  fishes  the  swimming-bladder  was 
placed  supra-intestinally  on  the  dorsal  side,  while  the  lungs  are  invariably  situated  infra- 
intestinally  or  on  the  ventral  side  of  the  intestinal  canal." 

I  In  August,  1882,  Dr.  Davy  (Fhy.^iolofiicdl  Fwaearciia;)  placed  a  common  trout  of  about  a 
quarter  of  a  pound  weight  into  a  good  volume  of  water  at  02°,  which  was  pretty  rapidly  raised 
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Tlio  toctli  in  (lie  siilmon, 
ti-ont,  and  char  are  of  a 
conical  sliapc  and  used  more 
for  capturing-  than  masti- 
cating their  i)rc3'  :  they  arc 
present  in  both  npper  (m) 
and  lower  (ma)  jaws,  on  the 
vomer  (v),  palatine  bones 
(p),  and  tongue  (t).  They 
are  frequently  shed  and  as 
constantly  renewed  by  others 

Fig.  9.     Diasvam  of  teeth 


appearing  from  beneath  or 
else  on  one  side  of  the  dis- 
carded ones.  As  age  creeps 
on  the  number  of  their  teeth 
become  more  and  more 
reduced,  the  teeth-bearing 
portion  of  the  bones  dimin- 
ish in  extent  more  rapidly 
in  such  forms  as  frequent 
the  sea  than  those  which  pass 
their  time  in  fresh  waters. 


nside  mouth  of  trout :  m.  maxilla: 
7na.  maudible :  }),  palatines :  t.  tongue :  r.  vomer. 

The  size  and  arrangement  of  the  vomerine  teeth  are  somewhat  varied,  as  they 
diminish  more  or  less  rapidly  in  number  with  certain  conditions,  especially  the 
character,  whether  saline  or  fresh,  of  the  waters  in  which  the  fish  live.  They  also  vary 
greatly  in  different  specimens  of  even  the  same  universally  admitted  species,  from 
what  exists  in  the  earliest  period  of  their  lives  when  they  are  in  a  double  row,_  to 
old  age  when  all  may  be  absent,  consequently  it  would  be  unsafe  to  base  specific 
differences  upon  this  dentition.  When  the  tooth-bearing  ridge  commences  to 
become  narrower,  the  teeth  are  at  first  forced  into  a  more  or  less  irregular  single 
line,  and  subsequently  this  ridge  becomes  absorbed  commencing  from  behind  and 
gradually  extending  forwards  and  the  teeth  as  a  consequence  fall  out. 

The  teeth  in  the  jaws  are  comparatively  stronger*  in  fresh- water  trout  than  in 
salmon  or  sea  trout,  as  will  be  subsequently  more  fully  alluded  to 


The  lingual  teeth  or  those  on 
the  tongue  are  in  a  row  of  about 
five  or  six  on  either  side  of  the 
middle  line  and  the  largest  in  the 
mouth  :  they  are  curved  backwards 
and  thus  prevent  the  escape  of 
prey  after  it  has  been  once  seized. 

Fig.  10.    Teeth  on  tongue  as  seen  from  in  front 


They  are  shed  and  renewed  similarly 
to  the  other  teeth  in  the  mouth  of 
these  fishes,  and  are  more  commonly 
in  reduced  numbers  or  absent  in 
marine  than  in  the  fresh -water 
forms. 


The  mouth,  situated 
at  the  commencement  of 
the  intestinal  canal,  is  the 
receptacle  both  of  water 
passing  to  the  gills  for  re- 
spiration and  of  food  trans- 
mitted to  the  stomach 
for  nutrition.  The  gas- 
tric portion  of  this  canal 
consists  of  an  oesophagus 
(ccs)  and  a  stomach  (st), 
between  which  is  a  con- 
stx'iction — the     cardiac — 


wdiile  at  the  inferior 
extremity  is  a  second 
constriction  termed  the 
pylorus.  But  due  to  the 
stomach  having  a  siphonal 
shape,  or  one  which  some- 
what resembles  a  bent 
tube,  its  two  orifices  are 
more  or  less  approxi- 
mated and  cause  food  to 
be  retained  there  as  in  a 
ca3cum.  The  length  of 
the   intestines   is  shorter 


Fig.  11.     CCS.  oesophagus 
in.  small  intestines 


;  ch,  chylopoetic  duct : 
1)1/ ,  pyloric  caeca. 


to  75°  by  additions  of  warm  water,  when  it  became  very  active,  and  tried  to  leap  out.  In  an  hour 
the  temperature  was  increased  to  80°,  and  after  a  few  more  minutes  to  85°,  when  it  became 
convulsed,  and,  although  transferred  to  cool  water,  died.  When  the  water  had  sunk  to  70  ,  a 
smaller  trout  and  a  minnow  were  put  in,  and  although  the  next  morning  the  temperature  had 
sunk  to  67°,  the  trout  was  dead,  but  the  minnow  had  not  suffered.  A  par  of  the  salmon,  about 
four  inches  long,  was  similarly  treated,  the  water  in  half-an-hour  being  raised  from  60  to  70  ,  and 
now  it  tried  to  escape.  The  water  was  raised  to  80°,  and  it  became  torpid  and  convulsed  j^  at  81 
it  seems  to  have  died.  A  char  of  about  the  same  size  had  the  water  gradually  raised  to  80  '^  ^^'heu 
it  appears  to  have  succumbed.  The  trout  tried  to  escape  by  leaping  out  of  the  water,  while  the 
char  kept  to  the  bottom  with  its  head  downwards,  as  if  seeking  for  a  cooler  locality. 

*  "The  trout,"  observed  Dr.  J.  Davy,  "when  it  feeds  principally  upontish,  must  be 
extremely  active  and  strong;  consequently,  from  its  predatory  mobile  habits,  acquires  large  teeth, 
large  fleshy  fins,  thick  skin,  and  great  pectoral  fins  for  turning." 
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than  that  of  the  body,  but  tine  is  marked  by  the  orifice 
the  lining"  membrane  is  puck-  M  jm  of  the  chylopoetic  duct  (ch) 
ered  with  transverse  folds  v^-i^r^^  while  at  the  beginning  of  the 
thus  increasing  the  extent  of  large  intestine  is  a  circular 
its  secreting  and  absorbing  (  valve  which  is  succeeded  by 
surface,  which  is  still  further  /  several  others  which  are  corn- 
assisted  by  the  presence  of  fc^^S^ '»'  pletely  or  incompletely  trans- 
ca3cal  appendages.  The  com-  Mj^^v  verse  (fig.  12), 
mencement  of  the  small  intes- 


Fig.  12.     Cast  of  a  part  of  the  interior  of  the  lower  portion 
of  the  intestinal  tube  in  salmon  showing  the  valves,  v. 

It  is  curious  to  observe  how,  when  some  of  these  fishes  select  hard  substances 
for  their  diet,  the  coats  of  their  stomachs,  especially  in  its  lower  portion,  may 
become  thickened,  as  in  the  gillaroo  trout  and  other  salmonoid  forms. 

The  cjBcal*  or  pyloric  appendages  or  pyloi'ic  cceca  {inf),  ali-eady  alluded  to, 
ai^e  secreting  tubes  closed  at  their  outer  end  and  situated  at  the  commencement 
and  along  the  edge  of  the  first  part  of  the  small  intestines,  where  they  begin  in 
three  or  four  rows,  which  in  the  trout  are  gi-adually  reduced  to  two,  and  finally 
to  one.  Into  these  tubes  food  does  not  enter,  but  in  the  rich  secretion  which 
flows  from  them  it  is  very  common  in  the  salmon  to  find  a  species  of  tapeworm 
(BotJtriocephalus).  These  pyloric  cseca  are  generally  considered  as  the  representa- 
tives of  a  modified  pancreas  in  addition  to  the  very  rudimentary  form  of  that 
organ  which  opens  into  the  small  intestine  in  close  proximity  to  the  chylopoetic 
duct  (ch). 

The  number  of  these  cfecaf  are  variable,  fifty-one  to  seventy -seven  having 
been  observed  in  the  common  salmon,  and  to  differ  largely  in  the  various  races  of 
trout  as  will  be  subsequently  alluded  to.  They  are  capable  of  distension,  of  sub- 
division, of  amalgamation  between  tAvo  or  more,  and  of  being  longer  or  shorter  than 
is  ordinarily  the  case.  The  difficulty  does  not  appear  in  discovering  variation  in 
number,  but  in  determining  within  what  fixed  limits  they  exist  in  a  given 
species.  The  eggs  sent  from  the  brook  ti^out  of  Hampshire  and  Buckinghamshire, 
by  Mr.  Frank  Buckland  and  Mr.  Francis  Francis,  to  Tasmania,  developed  into  a 
large  race  in  which  these  cteca  seem  to  have  normally  reached  fifty-two,  showing 
a  considerable  increase  in  number  and  proving  such  to  be  inconstant  and 
consequently  of  little  if  any  value  for  the  purpose  of  discriminating  a  species. 
Marine  species  and  varieties  of  Salmonidte  appear  to  generally  possess  more  of 
these  appendages  than  do  the  strictly  fresh- water  races, !{:  as  would  also  seem  to 
be  the  case  in  brook  trout  when  transferred  to  a  warmer  clime. 

The  urinary  organs  are  composed  of  the  kidneys  as  an  excretory  apparatus, 
the  ureters,  the  bladder,  and  the  urethra. § 

These  organs  are  distinctly  sei^ai-ated  anteriorly  one  from  the  other  :  they  are 
placed  close  to  the  vertebral  column,  but  divided  from  the  abdominal  cavity  and 
the  intestines  by  the  air-bladder,  and  the  peritoneum. 

Salmonida^,  in  common  with  other  teleostean  or  bony  fishes,  are  dioecious,  the 
sexes  being  present  in  different  individuals.  In  the  male  the  reproductive  organs 
or  the  testes  are  symmetrical,  distinct  one  from  the  other,  placed  beneath  the 

*  These  appendages  are  more  readily  separated  one  from  another  and  counted  after  they  have 
been  a  few  hom-s  in  alcohol ;  while  if  first  inflated  with  air  by  means  of  a  blow  pipe  or  with  spirit 
the  ca3ca  will  be  rendered  more  distinct. 

t  Parnell,  struck  with  the  number  of  these  ea3ca  in  the  Lochleven  trout,  termed  it  Salmo 
cacifer.  Dr.  Giinther  considered  of  the  number  of  pyloric  appendages  that  "  there  can  be  no 
doubt  that  this  character  may  materially  assist  in  fixing  a  species,"  and  at  page  11  ante,  can 
be  seen  the  numbers  he  attributed  to  each  form. 

X  This  is  in  accordance  with  what  has  been  already  stated  (page  6),  that  cajcal  appendages  are 
more  common  in  marine  than  in  fresh-water  fishes,  and  almost  confined  to  such  as  have  a  marine 
ancestry. 

§  The  kidneys,  according  to  Vogt  and  some  others,  appear  to  be  composed  of  the  Wolfian 
bodies,  structures  persistent  among  fishes,  but  which  are  not  permanent  among  other  vertebrate 
animals,  whereas  other  authors  deny  this.  The  anterior  portion  or  head  contains  no  malpighian 
bodies  and  was  regarded  by  Lalfour  as  a  lymphatic  gland. 
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vertebral  column  and  the  "vasa  clefercntia,"  as  tlu'ir  ducts  arc  termed,  nnitiiirc  near 
the  termination  of  the  urethra,  Avhile  their  contents  or  the  seminal  lluid,  which  is 
wliite  and  of  a  thick,  milky  consistence,  is  popularly  known  as  the  _S(;ft  roe  ov 
milt.  Under  the  microscope  this  substance  is  found  to  be  composed  of  an  inhnito 
number  of  microscopic  organisms,  termed  s]iermatozoa  or  zoosperms,  Avhicli 
consist  of  a  small  head  and  an  elongated  tail-like  termination.  These  organisms 
are  exceedingly  active  during  the  period  of  their  existence,  the  duration 
of  which  has  been  computed  by  different  investigators  at  from  two-and-a-hall 
to  thirty  minutes,  but  should  they  be  placed  in  water  their  lives  arc  rapidly 
cut  short,  although  a  good  deal  depends  upon  temperature  at  which  this  takes 
place.  They  are  found  to  be  surrounded  by  an  alkaline  fluid  composed  partly 
of  phosphates  and  partly  of  other  constituents,  and  in  it  they  will  live  for  some 
days,  even  after  removal  from  the  fish,  provided  no  water  be  added,  M.  Vrasski 
havirig  kept  them  alive  six  days  in  a  tightly-corked  bottle.  The  reproductive 
powei^s  of  this  milt  may  be  sufficiently  matured  in  some  Salmonoids  at  the 
termination  of  their  second  year  to  be  capable  of  fertilizing  eggs  although  the 
progeny  may  possibly  be  weak,  sickly,  or  even  imperfectly  developed.     _ 

In  the  female,  the  ovaries  which  are  symmetrical  organs  arc  destitute  of  a 
closed  covering,  while  their  internal  surface  is  lined  with  stroma  and  transversely 
plaited.  Here  the  development  of  the  eggs  takes  place,  each  of  which  is  invested 
by  a  fine  membrane,  and  by  it  they  hang  suspended  to  the  ovary,  the  length 
of  the  pedicle  decreasing  as  the  egg  augments  in  size.  But  as  the  ovaries  arc 
destitute  of  oviducts  it  necessarily  occurs  that  when  the  investing  membrane 
bursts  the  ovum  falls  into  the  abdominal  cavity  from  whence  it  is  extruded 
through  the  abdominal  pore. 

There  is  a  considerable  seasonable  augmentation  in  the  size  of  the  procreative 
organs  in  such  of  these  fishes  as  are  not  sterile,  while  certain  external  secondary 
sexual  characters  are  also  observable.  In  the  male  a  knob  appears  at  the  upper 
end  of  the  extremity  of  the  lower  jaw,  while  the  skin  on  the  surface  of  the  head 
and  along  the  back  becomes  thick  and  spongy.  At  these  periods  also  the  colours 
generally  become  more  brilliant,  and  the  fish  takes  less  food,  or  even  ceases 
feeding.  As  eggs  given  by  late  breeding  fishes  cannot  hatch  out  for  some  time 
subsequently  to  those  of  the  early  breeders,  much  of  the  summer  may 
be  consumed  before  the  yelk-sacs  of  these  alevins  are  absorbed,  and  as  a  conse- 
quence the  fry  may  be  backward  as  winter  sets  in.  Although  the  climate  has 
much  to  do  with  the  period  at  which  spawning*  occurs,  it  would  appear  that 
the  organs  of  generation  may  be  stimulated  by  certain  kinds  of  foodf  while, 
should   their   diet  be   unduly  reduced,  such  may  cause  seasonal   sterilityj  by 

*  The  term  "spawn"  is  generally  employed  as  denoting  the  eggs  and  milt  that  are 
extruded  from  fishes,  but  in  some  locaUties  it  is  likewise  used  when  referring  to  the  young 
of  these  creatures  prior  to  the  absorption  of  the  yelk-sac.  While  even  in  Acts  of  Parliament 
it  is  not  clear  if  this  latter  was  not  what  was  alluded  to  in  the  two  following  among  many 
other  instances,  more  especially  as  the  eggs  of  eels  were  then  unknown.  "  ^one  shall  use  any 
Net,  Device,  or  Engine  whatsoever  to  destroy,  kill,  or  take  the  spawn  or  fry  of  eels,  pike  salmon, 
or  of  any  other  fish,"  Ac,  1  Eliz.  cap.  17.  "  Every  person  who  between  the  first  day  of  March  and 
the  last  of  May  shall  do  any  Act  whereby  the  spawn  of  fish  shall  be  destroyed  shaU  forfeit  the 
instruments,"  &c.,  Stat.  3  Car.  2,  cap.  9.  i       t    a 

t  At  Howietoun  the  clam  Pecten,  and  mussel  Mytilus,  having  been  scalded  are  used  as  toed 
for  the  puTOose  of  stimulating  the  breeding  fishes.  .     , .  ^      „       ^ 

+  At  Howietoun  it  was  observed  in  1884,  that  the  American  Char  (Sahno  fontinal,^)  suitered 
a  good  deal  from  fungus,  owing,  it  was  believed,  to  their  over-feeding.  Consequently,  in  ISbo 
their  diet  was  reduced,  and  that  with  the  best  results  as  regards  fungus  ;  but  when  the  breeding 
season  came  round  it  was  found  that  large  numbers  were  sterile.  That  this  is  solely  a  question 
of  food  a  most  interesting  instance  in  pond  No.  5  may  be  quoted.  Here  the  hybrids  were  kept 
and  fully  fed,  and  one  female  fontinalis  was  placed  along  with  them.  She  attained  to  a  large 
size,  and  in  November,  1885,  was  found  to  be  full  of  eggs.  In  August,  1886,  my  attention  was 
directed  to  two  ponds  at  Cowley,  near  Cheltenham,  which,  after  having  been  drained  mudded,  and 
puddled  with  clay,  were  stocked  in  December,  1884,  and  January,  1885,  with  yearhng  Loclileven 
trout,  received  from  Mr.  Andrews  of  Guildford.  Due  to  causes  which  will  subsequently  be  fully 
referred  to,  those  in  the  upper  pond  did  not  exceed  seven  inches  in  length,  and  were  sterile,  those 
in  the  lower  pond  were  much  better  nourished,  averaging  about  eleven  inches  in  length,  and  Had 
the  generative  organs  well  developed. 
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preventing  the  development  of  the  ova,  or  should  they  be  present  in  the  ovaries 
by  arresting,  or  retarding  their  further  increase  in  size. 

Among  these  fishes — at  least  in  the  salmon — -the  female  is  normally  one  year 
later  than  the  male  in  attaining  to  a  breeding  condition,  while  it  has  been 
observed  at  Howietoun  that  the  extrusion  of  milt  or  ova  may  be  retarded  even 
for  several  weeks  in  ripe  fish  if  placed  in  a  box  having  smooth  sides,  and  through 
■which  a  sufficient  stream  of  water  passes.  Tlie  eggs  are  ovoid,  or  nearly  circular, 
elastic  bodies  of  a  clear  white,  pink,  or  coi'al  colour,  the  outer  coat,  which  is 
porous,  possessing  much  toughness  and  elasticity,  j)roperties  most  important  to 
its  future  existence  in  the  localities  where  it  is  naturally  deposited,  or  in  the 
subsequent  movements  which  it  may  have  to  go  through.  On  the  surface  of  each 
egg  may  be  seen  a  microscopic  orifice  (looking  like  a  healed  ulcer  on  the  coi'nea 
of  the  human  eye),  termed  the  micro pyle,  which  allows  the  entrance  of  the 
spermatozoa,  without  which  it  would  remain  unfertilized,  and  consequently 
barren. 

The  eggs,  as  extruded,  are  soft,  but  rapidly  absorb  water  which  fills  up  the 
interspace  between  the  outer  shell  and  its  delicate  inner  lining,  and  as  soon  as 
this  period  of  absorption  has  passed  by,  which  has  been  considered  not  to  exceed 
thii'ty  minutes  in  trout  eggs,*  it  is  impossible  for  the  ova  to  be  fertilized.  Should 
these  eggs  have  milt  added  to  them  in  the  water,  it  is  evident  that  unless 
fertilization  rapidly  occurs  the  spermatozoa  may  have  perished.  On  the  other 
hand,  should  eggs  be  obtained  from  a  fish  and  expressed  into  a  dry  pan  (or  one 
into  which  no  water  has  been  placed),  and  milt  added  in  their  own  fluid  and 
thus  stirred  up  among  the  ova,  the  supposition  would  be  that  these  organisms 
would  more  likely  be  active  when  thus  employed  than  in  water  which  rapidly 
destroys  their  vitality.  And  fish-culturists  have  found  in  practice  that  this  which 
is  termed  the  "  dry  process  "  is  far  more  successful  than  when  water  is  first  used 
or  the  "  moist  process  "  employed. 

A  difference  of  opinion  respecting  the  persistent  or  variable  size  of  the  eggs  of 
Salmonid^e  appears  to  prevail,  which  could  not  continue  to  exist  if  contending 
parties  would  take  the  trouble  to  measure  them  when  freshly  removed  from  the 
parent  fish,  or  as  lying  in  the  hatching-troughs.  For  they  do  not  increase  in  size 
during  the  process  of  incubation,  although  such  as  die  in  fresh  water  become 
sodden,  white,  and  somewhat  distended. f  While  the  observations  recorded  below 
and  which  have  been  since  made  conclusively  show  that  the  eggs  of  these  fishes 

*  Mr.  James  Aniiin  (American  Fisli  Cultural  Association,  1885,  page  110)  observed  that  during 
the  past  winter  he  had  made  an  experiment  with  eggs  taken  from  a  fine  healthy  brook  trout, 
Salino  fonti)ial is,  imin-egna,ted  by  a  number  of  good  males  of  the  same  species.  First  350  eggs 
had  milt  added,  and  then  washed  off  as  quickly  as  possible,  and  45  seconds  after  extrusion 
they  were  placed  on  the  trays  in  the  hatching  troughs.  Next  350  more  eggs  were  ex2iressed  from 
the  same  fish,  and  were  allowed  to  stand  three  minutes  before  the  milt  was  washed  off.  The 
rest  of  the  eggs  from  this  fish,  335  in  number,  were  allowed  to  remain  thirty  minutes  in  the 
spawning  pan.  The  three  lots  were  carefully  placed  on  the  trays,  the  bad  ones  were  daily 
removed  until  the  eyes  became  visible,  when  the  results  were  as  follows: — Of  the  first  lot  only 
six  were  impregnated,  or  about  one  in  58 ;  of  the  second  lot  31,  or  about  1  in  11 ;  and  of  the  last 
lot  about  1  in  IJg^.  Max  von  dem  Borne  observed  (O-U.  Fischcrci-Zeitung,  Vienna,  1880)  that  he 
had  sent  salmon  eggs  and  milt  from  Basle  mixed  together  in  a  hog's  bladder  without  the  addition 
of  water.  The  journey  lasted  three  days,  and  the  temperature  was  high,  in  spite  of  which  they 
arrived  in  good  condition :  while  some  eggs  treated  in  the  ordinary  manner,  and  similarly  sent, 
were  almost  all  received  dead. 

t  Harmer  in  1767  [Transactions  of  the  Royal  Society,  "  On  the  Fecundity  of  Fishes  ")  gave 
a  table  showing  the  number  of  eggs  which  he  had  observed  in  certain  forms  of  fishes,  among 
which  the  Salmonida^  were  not  included.  He  remarked,  "From  this  table  it  appears  that  the 
size  of  the  eggs  is  nearly  the  same  in  great  and  small  fishes  of  the  same  species,  at  the  same  time 
of  the  year."  And  these  observations  may  be  found,  with  but  little  variation,  in  the  writings  of 
authors  from  that  period  up  to  recent  years,  as  perhaps  in  no  branch  of  biology  are  assertions 
once  made  more  dogmatically  adhered  to,  and  that  without  re-investigation,  than  in  Ichthyology. 
Passing  on  to  the  Zooloyical  Becord  of  1864,  p.  179,  we  find  that  Professor  Malmgren,  having 
observed  that  certain  Salmonoids  in  a  lake  in  Finland  were  descendents  of  the  common  Salmon, 
whose  access  to  the  sea  had  been  cut  off  owing  to  an  elevation  of  the  land,  mentioned  as  one  of 
the  present  differences  that  this  fresh-water  and  dwarfed  breed  gave  smaller  ova  than  Sabno  salar. 
In  this  conclusion  Dr.  Giiuther  did  not  coincide,  remarking  that  "the  last  character  [or  size  of 
the  ova]  will  be  considered  very  significant  by  all  who  may  have  a  more  extended  knowledge  of 
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undoubtedly  differ  in  size.  The  following'  figures  wliicli  will  bo  more  fully  entered 
upon  when  considering  tlie  various  species,  ai'O  here  given  from  measurements 
made  at  Howietoun.  Diameter  of  eggs  of  grilse  0'20  to  0'22  of  an  inch  ;  of  a 
10  lb.  salmon,  U"24  in.;  Lochleven  trout  at  llowietoun,  2  and  3-year-old,  U*17  in.  ; 
G-year-old,  0'18  to  0'19  in.  j  8-year-old,  0'20  to  0"24  in.  American  char,  2-year- 
old,  U'l-i  in. ;  3-year-old,  0'17  in. ;  I'-year-old,  0"18  in. 

The  above  are  only  some  out  of  the  many  measurements  which  I  have  made, 
and  show  very  conclusively  that  the  diameter  of  the  eggs  in  salmonoids  increases, 
at  least  up  to  a  certain  period,  with  the  age  and  probably  the  condition  of  the 
parents;  thus  the  ova  of  grilse  are  inferior  in  size  to  those  of  the  salmon.  And  in 
large  trout  as  in  the  older  Lochlevcns  there  is  an  augmentation  in  the  thickness 
of  the  shell,  a  rather  important  question  to  the  fish-culturist,  because  such  shells 
require  a  strong  embryo  in  order  to  readily  hatch  ;  this,  however,  may  be  obtained 
by  giving  an  increased  supply  of  water  during  their  eyed  period.  It  was  also 
found,  as  a  rule,  that  trout  eggs  obtained  latest  in  the  season  were  of  rather 
lai'ger  size  than  such  as  had  been  taken  in  the  earlier  months,  while  in  nature 
these  largei-  eggs  generally  produce  more  rapidly  growing  young  and  thus  to  a 
certain  extent  counterbalance  any  bad  eifects  from  late  hatching. 

Next  is  the  consideration  of  whether  any  difference  is  perceptible  in  the  eggs 
of  two  parents  of  the  same  age  that  have  been  kept  under  identical  conditions  ? 
Among  the  young  salmon  reared  at  Howietoun  from  eggs  obtained  from  the  same 
parents,  and  reared  in  the  same  pond,  some  taken  on  December  1st,  and  again  on 
the  13th,  1884,  averaged  0'22  of  an  inch;  some  from  similar  fish  on  December  9th 
averaged  0"20  of  an  inch,  while  others  taken  the  same  day  were  0*22  of  an  inch. 
The  same  phenomenon  has  been  observed  among  the  Lochleven  trout,  wherein, 
although  the  diameter  of  the  eggs  of  fish  at  eight  years  of  age  was  generally 
0'24  of  an  inch,  in  some  it  was  0"22,  in  a  few  0"21,  and  in  three  or  four  0'20  ;  also 
in  six-year-olds  it  has  been  observed  to  vary  from  0"18  to  0"19  of  an  inch.  That 
such  variations  might  theoi'ctically  be  anticipated  most  of  us  must  admit,  for 
whatever  causes  deficiency  of  nutrition  might  occasion  diminution  in  the  size  of 
the  ova.  Also  the  size  of  the  parent  ought  possibly  to  be  taken  into  account,  for 
disease,  crowding  them  when  young,  and  other  causes  may  dwarf  these  fishes,  and 
such  would  probably  give  comparatively  small  eggs. 

Can  we  detect  any  variation  in  the  size  of  the  eggs  given  by  a  single  fish  ?  I 
have  already  adduced  instances  of  this  among  salmon  or  rather  grilse  and  Loch- 
leven trout.  In  Novembei',  1884,  I  placed  80  unimpregnated  eggs  of  one  of  these 
fish  in  a  tub  of  water,  wherein   they  were  kept  for  a  w^eek,  the  water  being 

fishes,  as  the  size  of  the  ova  is  not  only  invariably  the  same  in  individuals  of  whatever  size,  but, 
as  far  as  our  experience  reaches,  is  even  often  characteristic  of  the  species  of  a  genus."  This 
opinion,  sUghtly  modified,  Dr.  Giinther  stiU  apparently  held  in  1880,  for  he  asserted  (Introduction 
to  the  Studij  of  Fislte,^,  p.  159)  that  "  the  ova  of  Teleostean  fishes  are  extremely  variable  in  size, 
quite  independently  of  the  size  of  the  parent  species.  The  ova  of  large  and  small  individuals  of 
the  same  species,  of  course,  do  not  differ  in  size." 

On  the  other  hand,  Mr.  E.  Blanchard  in  186G  (Pois>ions  des  Eaux  Donees  de  la  Franee,  p.  461) 
observed  that  the  ova  "  of  the  grilse  are  always  sensibly  smaller  than  those  of  the  adult  Salmon." 
Livingston-Stone,  1877  (Domestieated  Trout,  3rd  edition),  remarked  that  in  American  Trout 
(Salnto  fo)itinaUs)  that  reside  in  spring-water,  which  is  equivalent  to  a  diminished  supply  of  food, 
smaller  eggs  are  developed  than  in  such  as  reside  in  brooks.  On  the  McCloud  river  (FvcjMrt  of 
United  States  Fish  Commission)  "  it  was  noted,  in  1878,  that  the  parent  Salmon  were  unusually  small, 
their  average  weight  being  under  8  lb."  This  small  size  was  stated  to  be  undoubtedly  caused, 
in  whole  or  in  i:)art,  by  the  fishery  at  the  canneries  of  the  Sacramento,  where  the  8-inch  meshes  of 
the  innumerable  drift-nets  stopped  all  the  large  Salmon,  but  let  all  the  small  ones  through.  The 
eggs  when  taken  proved  to  be  at  least  one-third  smaller  than  those  of  most  previous  years,  and 
the  average  number  of  eggs  to  the  fish  was  about  3500  against  4200  in  the  previous  year. 
Livingston-Stone  in  1882  (Bulletin  of  the  United  States  Fish  Commission,  ii,  p.  11)  writing  respect- 
ing the  eggs  of  Salmo  fontinalis,  observed  that  those  from  the  small  fish  of  the  elevated  rivulets 
are  not  so  large  as  those  of  the  finer  breeds  from  warmer  streams,  concluding  that  the  ova  of  these 
last  are  fully  twice  as  large  as  those  found  in  the  race  residing  in  mountain  rivulets.  Also  that 
"  large  eggs  are  the  result  of  keeping  the  breeders  in  water  that  warms  up  in  the  spring  and 
summer.  It  is  true,  if  it  becomes  too  warm,  say  above  70°,  it  is  injurious  ;  but  water  that  stands 
at  65°  in  the  summer  will  make  larger  eggs  than  water  at  55°,  and  very  cold  spring  water  will 
always  develop  small  eggs."     (Page  183.) 
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changed  daily.  At  the  end  of  this  period  I  measured  each  ovum,  and  found  75 
were  0"25  of  an  inch  in  diameter,  three  were  0'20  of  an  inch,  one  was  0"175  of  an 
inch,  and  one  0"15  of  an  inch.  Looking  through  the  hatching-troughs  at  Howietoun 
it  appeared  that  from  4  to  5  per  cent,  of  the  eggs  are  less  tlian  the  noi'mal  size  of 
the  remaining  95  or  96  per  cent. 

It  has  been  observed  that  the  offspring  from  large  eggs  are  superior  to  such 
as  are  reared  from  small  ones ;  consequently  fish-culturists  should  be  careful  to 
obtain  their  stock  from  the  best  sources,  unless  the  water  in  which  they  are 
going  to  be  transferred  is  deficient  in  amount  or  in  food  when  the  source  from 
whence  the  supply  is  obtained  becomes  of  little  practical  moment.* 

The  immediate  and  possibly  remote  result  of  employing  eggs  from  young  fish 
for  stocking  purposes  is  one  which  requires  the  earnest  consideration  of  the  fish- 
culturist.  For  it  is  evident  that  by  selection  a  more  rapidly  growing  race  may  be 
I'eared,  and  I  now  purpose  demonstrating  that  small  eggs  from  young  parents- may 
give  bad  resultsf  as  to  the  number  hatched  or  the  quality  of  the  young.  In 
short  the  great  mortality  from  the  eggs  of  young  mothers  appears  to  be  during 
the  incubating  stage,  while  from  the  progeny  of  young  males  one  season  older  it 
seems  to  show  itself  among  the  fry  ;  passing  over  another  year,  there  is  not  so  great 
a  mortality  among  the  eggs  nor  disease  of  the  offspring.  Bearing  on  this  I  may 
allude  to  the  ova  of  American  chars  having  been  milted  from  a  Scotch  char  in 
November,  1882  ;  one  of  the  progeny  gave  146  eggs  on  November  12tb,  1884,  or  a 
little  under  two  years  of  age.  Only  six  feeble  little  ones  hatched  on  February  3rd, 

*  Two  batches  of  Lochleven  trout  were  spawned  November  2, 1882,  at  Howietoun,  the  parents 
of  one  lot  having  been  hatched  in  1875,  and  of  the  other  in  1876;  the  eggs  were  similarly  treated, 
and  the  young  came  out  during  January  and  February,  1883.  At  Craigend  are  two  ponds,  which 
have  been  constructed  for  the  reception  of  young  fish,  each  of  the  same  width  and  100  ft.  long ; 
one  is  nearly  on  a  level  with  the  other,  and  the  identical  stream  passes  through  both.  Into  these 
two  ponds  the  two  lots  of  fry  were  turned,  those  from  the  older  (1875),  or  seven-year-old  parents, 
having  the  lower  pond;  those  from  the  younger,  or  six-year-old  fish,  having  the  upper  pond, 
while  they  were  fed  and  otherwise  similarly  treated.  At  the  end  of  November,  1883,  those  in  the 
lower  pond  were  about  one-fourth  larger  than  those  in  the  upper  pond,  and  it  seemed  as  if  the 
produce  of  the  older  parents,  or  larger  eggs,  were  decidedly  superior  to  those  from  the  younger 
parents,  or  smaller  eggs.  A  second  experiment  was  tried  in  the  same  two  ponds,  which  were 
stocked  with  young  Lochleven  trout  bred  from  parents  of  the  same  age,  spawned  the  same  day, 
and  hatched  in  the  same  room.  I  saw  these  fish  both  in  August  and  also  in  November,  1881,  but  no 
difference  in  size  or  appearance  was  perceptible  between  them.  It  would,  consequently,  seem 
that  the  larger  eggs  from  older  parents  produce  fry  which  grow  faster  than  do  those  from  the 
smaller  eggs  furnished  by  younger  parents.  Also,  Mr.  Francis  Francis  {Fis]i  Culture,  Appendix, 
p.  309),  when  alluding  to  the  salmon  fishery  at  DoohuUa,  in  Ireland,  noted  that  big  smolts  make 
big  fish.  One  that  was  peculiarly  fine  was  marked,  and  on  the  shoals  returning  from  the  sea 
this  very  fish  was  caught,  and  as  he  was  the  largest  smolt,  so  he  was  the  largest  grilse,  and 
weighed  7ilb. 

t  For  several  seasons  it  had  been  remarked  at  Howietoun  that  eggs  from  young  mothers  were 
subject  to  a  greater  percentage  of  deaths  than  those  taken  from  older  fish.  On  November  13th, 
1881,  about  500  eggs,  having  a  diameter  of  0-17  of  an  inch,  were  obtained  from  a  rising  two-year- 
old  Lochleven  trout,  and  they  were  impregnated  from  another  of  the  same  race  of  the  usual  size. 
Out  of  these  eggs  only  about  a  dozen  hatched  on  January  28th,  and  seven  lived  to  be  turned  into 
the  rearing-pond.    In  this  instance  the  immaturity  was  on  the  mother's  side.    On  November  29th, 

1883,  4500  eggs  of  the  Lochleven  trout  (of  the  season  of  1875)  were  milted  from  the  par  of  a 
salmon  raised  at  Howietoun,  and  which  had  been  hatched  in  March,  1881,  and  consequently  were 
a  little  over  2|  years  of  age.  The  mortality  during  incubation  was  only  about  2  per  cent. ;  but 
this  by  no  means  gave  a  true  index  of  the  experiment,  for  when  the  young  hatched  January  15th, 

1884,  nearly  all  were  seen  to  be  suffering  from  what  has  been  termed  dropsy  or  blue  swelling  of 
the  yelk-sac.  (Day,  Proc.  Zool.  Soc.  1884,  p.  376.)  Among  these  4000  dropsical  fish  only  about 
100  lived  out  the  year.  As  the  same  cross  had  been  made  December  24th,  1881,  but  with  older 
parents,  and  that  without  occasioning  dropsy,  one  is  irresistibly  led  to  the  conclusion  that 
hybridization  had  nothing  to  do  with  these  results,  but  that  they  might  reasonably  be  attributed 
to  the  immaturity  of  the  male  pars.  As  a  further  confirmation  of  this  view,  pars  in  1884  taken 
from  the  same  lot  were  found  prolific,  but  with  comparatively  few  cases  of  dropsy  occurring. 
On  November  11th,  1884,  about  12,000  Lochleven  trout  eggs  were  milted  from  a  salmon  smolt 
hatched  in  March,  1881,  and  though  about  8000  hatched  on  January  28th,  1885,  by  March  12th 
about  1000  had  died,  they  having  mostly  shown  signs  of  dropsy.  Subsequently  the  mortality 
ceased.  In  this  case  the  male  was  one  season  older  than  in  the  last  experiment.  Dropsy  did  not 
set  in  so  rapidly,  neither  were  so  many  affected ;  but  it  must  be  clear  that  there  was  deficiency  of 
vitality  in  one  of  the  parents,  and  that  would  most  probably  have  been  in  the  male,  which  was 
thirty-one  months  old. 
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1885.  At  tlio  sarao  time  railt  was  obtained  from  some  of  these  hybrids  and  used 
to  impivgnate  4500  eggs  of  Lochlevcn  trout ;  these  hatched  on  February  2iid, 
but  the  mortality  was  large,  being  ui)wards  of  balf  the  eggs,  while  there  were 
many  dcfoi-mities  and  some  di-opsies  among  the  oUspring.  Males  are  evidently 
more  matured  for  bx^eeding-purposes  than  are  females  of  the  same  age.  I  would 
here  advert  to  a  remark  I  published  in  1883,*  that  in  the  fresh  waters  of  India 
due  to  indiscriminate  uet-tishing  the  young  (of  many  forms  of  fish)  have  to  bo 
raised  from  ova  of  such  as  ai'o  merely  one  or  two  seasons  old,  while  tlie  younger 
the  parent  the  smaller  the  eggs,  and  this  is  probably  one  mode  in  wliich  races  of 
lish  deteriorate. 

Although  it  is  known  that  among  mammals,  breeding  from  two  nearly  related 
parents — as  brother  and  sister — frequently  gives  rise  to  deteriorating  offspring,  it 
has  notbeen  shown  that  this  consanguinity  deleteriously  effects  to  so  great  an  extent, 
or  even  at  all,  the  lower  classes  of  vertebrates.  Reasoning  from  analogy  we  must 
suppose  that  the  infusion  of  fresh  blood  improves  piscine  races,  and  instances  have 
been  adduced  when  from  local  circumstances  fish  have  deteriorated  and  an 
improvement  has  occuri-ed  on  the  cessation  of  the  deleterious  conditions,  some- 
times aided  by  eggs  from  a  fresh  stock  having  been  introduced.  It  would  appear 
that  from  young  parents  or  deteriorated  breeds  small  offspring  are  raised,  but 
unless  other  circumstances  combine,  fine  fish  kept  in  suitable  water  have  been 
raised  from  eggs  of  normally  small  breeds,  but  doubtless  large  eggs  are  most  likely 
to  produce  larger  and  more  rapidly  growing  offspring.  Possibly  if  eggs  are 
insufficiently  aerated  while  incubating  the  resulting  young  are  stunted,  while 
similar  i-esults  ensue  on  crowding  alevins. 

The  period  at  which  breeding  takes  place  can  be  affected  by  many  circum- 
stances, the  chief  of  which  may  be  briefly  enumerated  as  follows : — the  age  of 
the  parent  :  the  race  or  variety  as  to  whether  it  is  strong  or  weak,  healthy  or 
unhealthy  :  obstructions,  whether  natural  or  artificial,  but  which  occasion  difficulty 
in  obtaining  access  to  the  breeding  grounds  :  their  habitat,  as  residents  of  the 
colder  north  or  more  sunny  localities  :  the  range  of  waters  through  which  they  can 
rove  :  climatic  and  seasonal  variations  whether  such  are  normal  or  abnornal :  the 
character  of  the  water :  the  geological  formation  of  the  country  :  its  elevation  :  the 
abundance  or  the  reverse  of  food :  whether  the  fish  are  kept  in  confinement  or  in 
a  wild  state,  and  if  disturbed  or  not. 

This  brings  one  to  consider  whether  seasons  or  changes  of  temperature 
exercise  any  marked  influence  on  the  time  of  the  year  when  these  fishes  spawn  ? 
If  they  do  we  ought  to  be  able  to  observe  such  among  the  trout  and  Anadromoas 
Sahnonoids  despatched  in  the  form  of  ova  to  Tasmania  from  this  countiy. 
Turning  to  Mr.  Allport's  account  (Proc.  Zool.  Soc.  1870,  p.  25),  we  find  a  most 
marked  instance  of  such  a  result. f  We  know  the  cold  season  in  that  portion  of  the 
globe  corresponds  with  our  summer,  and  the  first  brook  trout  Avhich  were  spawned 

*  Indian  Fixh  and  Fitshhui.     Great  International  Fisheries  Exhibition,  1883  series,  p.  27. 

t  Sir  Humphry  Davy,  waiting  from  Southern  Austria,  on  May  28th,  1827,  remarked  that  "tlie 
char  I  got  this  morning  with  mature  eggs  was  just  about  to  spawn,  yet  in  England  they  spawn  in 
the  winter.  If  summer  is  the  spawning  time  of  tlie  char  and  trout  of  the  lakes  of  Southern 
Austria,  it  is  connected  with  or  owing  to  the  waters  at  that  time  being  of  the  temperature  best 
fitted  for  the  purpose,  most  of  these  lakes  being  fed  by  mountain  streams,  frozen  in  tlic  winter, 
and  full  in  summer  from  the  melting  of  the  snow."  Herr  Geistbeck  {Xaiurc,  1886,  p.  375) 
remarked  of  the  German  Alpine  lakes,  that  "  small  depths  and  large  aflluent  streams  are  causes 
of  a  higher  temperature  in  summer  and  a  lower  in  winter.  Cooling  in  autumn  goes  on  more 
rapidly  than  heating  in  spring,  for  in  the  autumn  the  uj^per  layers  of  water  get  heavier  consequent 
upon  cooling  and  then  sink,  being  replaced  by  others,  till  the  entire  mass  reaches  the  temperature 
of  the  greatest  density,  but  in  spring  the  circulation  fails.  Large  al'tiueuts,  too,  by  promoting 
mixture  cause  rapid  heating.  Down  to  6  or  8  metres'  depth  in  midsummer  the  fall  of  temperature 
is  very  slight ;  thence  to  18  metres  a  rapid  fall,  which  continues  to  about  50  metres  :  below  50 
metres  the  temperature  is  about  constant."  In  Sweden,  Artedi  observed  that  the  salmon  sjiawned 
in  the  middle  of  the  summer.  Livingston-Stone  (BiiUetin  United  States  I'lshcry  Commission, 
1882,  ii,  p.  12)  observed  of  .S'.  quinnat,  that,  raised  in  the  United  States  it  did  not  spawn  in  the 
Californian  time,  but  in  the  S.  salar  time,  November  or  very  near  so.  We  also  know  that,  as  a 
rule,  in  very  hard  winters  when  the  spawning  grounds  are  frozen  spawning  is  usually  deferred, 
and  when  very  cold  weather  has  unexpectedly  set  in,  salmou  have  been  observed  to  stoi)  their 
ascent  of  rivers  and  return  to  the  sea. 
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in  Tasmania  occurred  on  Jnly  3rd,  1866 ;  by  the  7tlL  of  August  fourteen  females 
had  been  stripped,  and  shortly  afterwards  five  pair  of  trout  were  observed 
constructing  redds  in  the  River  Plenty.  During  June,  July  and  August,  1867, 
the  trout  were  again  stripped  of  their  ova  artificially.  In  this  country,  trout 
spawn  at  different  periods  in  different  rivers,  from  about  September  to  February. 
The  very  first  Tasmanian  bred  trout  hatched  from  English  trout  eggs  have 
not  selected  for  sjDawning  the  months  adopted  by  their  ancestors  in  this  hemisphere, 
but  have  chosen  others  which  are  better  suited  for  their  purpose,  clearly  demon- 
strating the  possibility  of  trout  being  capable  under  changed  conditions  of  varying 
the  period  of  the  breeding  season.* 

The  ova  having  been  extruded  by  the  female  in  a  suitable  spot,  are  subsequently 
fertilized  by  the  milt  of  the  male  brought  into  contact  with  them  in  the  water 
when  the  spermatozoids  effect  an  entrance  into  the  egg  at  the  micropyle.  But  it 
must  be  very  apparent  that  numerous  causes  may  be  in  existence  either  to  prevent 
fertilization,  or,  should  such  have  taken  place,  to  subsequently  destroy  the  ova. 
Among  these  deleterious  agencies  ai'e  the  character  or  polluted  state  of  the  water, 
or  that  when  the  eggs  are  being  deposited  in  running  streams  they  escape  the 
influence  of  the  milt,  or  even  be  carried  away  by  the  current,  or  overwhelmed  by 
mud.  Or  the  water  may  subside  to  that  extent  that  they  are  left  uncovered, 
and  perish  by  drought  or  frost,  or  else  consumed  by  fish  in  the  vicinity,  who  will 
even  root  them  up  for  this  purpose.  When  safely  deposited  in  redds  they  still 
have  enemies  to  contend  with ;  floods  may  sweep  them  away,  or,  should  such  a 
state  of  the  rivers  continue  for  any  length  of  time,  the  fish  may  not  be  able  to 
avail  themselves  of  their  usual  breeding  grounds,  they  being  too  deep  in  the 
water.  This  may  compel  them  to  drop  their  eggs  in  the  swollen  stream,  when 
they  would  become  smothered  by  mud  or  otherwise  lost,  or  the  fish  might  push 
up  higher  to  smaller  water  courses,  which  would  render  the  chances  considerable 
of  the  eggs  being  left  uncovered  upon  a  subsidence  taking  place.  Irrespective  of 
the  seasons,  the  eggs  have  numerous  enemies,  as  fish,  the  larvce  of  the  Dragon- 
flies  LihelkdidcB,  the  May  and  stone-flies,  Ephemeridce-f  and  the  caddis-flies,  Phry- 
ganeidce;  some  birds,  as  the  dabchick,  or  little  grebe,  Podiceps  minor,  the  water 
ouzel,  Ginchis  aquaticus,X  ducks  and  swans,  while  the  house-rat,  mice,  also  the 
vole  or  water-rat,  Arvicola  amphihia,  join  in  their  destruction. §  Besides  the 
enemies  to  fish  ova  which  have  been  enumerated,  they  have  many  more  in  our 
streams,  and  so  enormous  is  the  loss  which  occurs  among  the  eggs  and  young 
that  in  such  a  river  as  the  Severn  the  annual  produce  of  salmon  and  grilse  at 
the  present  time  consists  of  about  20,000  fish.  Or  were  all  the  ova  of  one  female 
salmon  of  about  20  lb.  weight  to  be  hatched  and  attain  maturity  they  would 
suffice  for  keeping  up  the  stock  to  its  present  condition. 

As  the  mortality  among  the  eggs  left  to  hatch  in  rivers  and  streams  is  so 
enormous,  while  it  is  impossible  to  destroy  their  enemies  which  exist  there,  it  has 
become  obvious  that  great  gain  might  accrue  were  the  ova  to  be  collected  and 
artificially  incubated  |!  and  thus  placed  out  of  reach  of  many  causes  of  destruction, 

*  The  Black  Swan,  introduced  from  Australia,  breeds  here  in  our  spring. 

t  Brown  {Sionnontjiehl  E.rjyeriments,  page  33)  remarked  that  in  the  spring  of  1854  Mr.  Buist 
took  some  eyed  sahn'on  ova,  and  placed  a  dozen  of  the  grubs  of  the  May-fly  {Eiyhcmera)  taken 
from  the  same  locality  along  with  them  in  a  vessel  which  was  supplied  with  water  by  a  sjTphon 
of  thread.  In  a  few  days  the  grubs  had  devoured  one  of  the  eggs,  and  in  a  few  days  more  the 
whole  were  devoured.  They  were  carefully  watched  when  feeding,  and  five  or  six  grubs  were 
found  firmly  fixed  to  an  ovum  which  they  never  left  until  totally  eaten  up.  Messrs.  Ashworth, 
of  Galway,  one  year  deposited  70,000  salmon  ova  in  a  small  pure  stream  adjoining  a  plantation 
of  fir-trees,  and  they  were  entirely  destroyed  by  the  larva  of  the  May-fly. — (Buckland,  Fish 
Hatchhui,  1863,  page  51.) 

t  I  gave  an  account  in  Land  ami  Water  of  February  28th,  1885,  how,  on  one  of  these  birds 
being  shot  near  Howietoun,  five  or  six  trout  eggs  were  found  in  its  stomach. 

§  At  the  Great  International  Fisheries  Exhibition  of  1883  the  vole  cat  the  eggs  of  the 
Salmonida3  placed  in  their  cage :  and  since  then  they  have  been  observed  taking  them  from  the 
redds.     (Field,  January  5th  and  19th,  1884.) 

II  It  would  be  obviously  impossible  in  a  work  of  the  present  scope  to  enter  fully  into  the 
various  modes  of  artiticially  propagating  these  fishes.  Such  information  may  be  obtained  in 
the  Ilistonj  of  Iloirietoun,  by  Sir  James  Maitland,  now  in  course  of  publication ;  also  in 
Domesticated    Trout,  by  Livingston-Stone;   Fish  Hatching,  by  Frank  Buckland,  1803;    Fish' 
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as  in  properly  construcfcod  hatching  houses,  where  the  water  mi<,'lit  bo  maintained 
at  a  suitable  temperature,  and  whatever  is  known  to  bo  injurious  to  the  eggs 
excluded  as  far  as  possible. 

The  discovery  of  how  to  collect  and  artilicially  fecundate  fish  ova  has  been 
claimed  by  many  different  persons  in  various  ages  and  in  widely  separated 
countries.*  During  this  century  the  French  Government  in  Europe  f  first  turned 
fish-culture  into  practical  channels.  Commencing  experiments  in  1842,  their 
establishment  at  Huninguo  came  into  existence  near  the  Rhino  and  Rhone 
Canal  in  1848,  and  from  it  the  rivers  and  lakes  of  France  were  re-stockod.  In 
Great  Britain,  where  the  importance  of  Jacobi's  re-discovery  of  how  to  propagate 
Salmonidfo  was  recognized  during  the  last  century  by  tljo  British  Government, 
who  granted  him  a  pension :  and  at  the  present  time  maintain  five  Inspectors  of 
Fishei-ies,  their  assistants  and  clerks,  but  the  only  connection  they  have  with 
fish -culture  is  the  keeping  up  of  a  few  tanks  in  the  South  Kensington  Museum. 
Although  Mr.  T.  Shaw  first  succeeded  in  183G  in  artificially  hatching  salmon  eggs 
in  ScotTand,  it  was  not  until  December  20th,  1852,  that  this  process  was  first  tried 
on  a  large  scale  in  Ireland  by  the  Messrs.  Ash  worths  :  by  the  proprietors  of  the 
Tay,  in  Scotland,  in  1853,  and  by  Mr.  Fisher,  of  Richmond,  Yorkshire,  associated 
with  other  gentlemen  of  that  town  and  county  who  in  the  same  year  commenced 
breeding  salmon  artificially  in  the  River  Swale. 

For  the  purpose  of  obtaining  the  eggs  of  Salmonidce,  in  order  to  undertake  arti- 
ficial fish-culture,  three  sources,  irrespective  of  purchase,  are  available  :  direct  from 
the  fish  living  in  a  wild  state,  or  else  from  such  as  are  kept  in  breeding-ponds,  or 
robbing  the  nests  or  redds  in  rivers  or  streams.  Anyone  who  has  been  practically 
concerned  in  capturing  fish  in  a  wild  condition  for  spawning  purposes  knows  the 
vast  amount  of  trouble,  exposure,  disappointment,  and  expense  which  this  entails, 
and  in  trout,  at  least,  the  most  practical  plan  has  been  found  to  keep  breeders  in 
suitable  ponds,|  well  separated  one  from  another,§  while  a  very  great  advantage 

culture,  1865,  and  the  Practical  Management  of  Fisheries,  1883,  by  Francis  Francis;  Trout-culture, 
by  C.  Capel,  1877  ;  Fish-culture,  by  Francis  Day,  Great  International  Fisheries  Exhibition,  series 

1883.  ,       ,  .     ,  ,.      , 

*  In  the  fifteenth  century  a  monk,  Dom  Pinchon,  bred  fish  from  eggs  placed  ni  boxes,  lined 
at  the  bottom  with  sand  and  gravel,  and  having  their  front  and  hind  ends  protected  by  basket 
work,  and  through  which  a  stream  of  water  flowed.  Stephen  Ludwig  Jacobi,  a  landed  proprietor, 
residing  at  Hohenhausen,  a  small  town  in  Westphalia,  as  early  as  1733,  or  thereabouts,  made  many 
experiments  respecting  the  artificial  breeding  of  trout,  adopting  much  the  same  methods  as 
Dom  Pinchon,  except  that  the  ends  and  upper  covering  of  his  troughs  were  constituted  of  fine 
gratings,  and  these  were  deposited  in  streams,  at  suitable  depths.  His  account  of  the  results  of 
his  30  years'  experiments  appeared  in  17G3  in  the  Hanover  Magazine,  and  a  translation  exists  in 
Yarrell's  British  Fishes,  second  edition,  vol.  ii,  page  87.  Jacobi's  experiments  were  deemed  so 
important  that  the  British  Government  granted  him  a  pension.  See  also  a  Treatise  on  the 
Propagation  of  Salmon  and  other  Fish,  by  E.  and  T,  Ashworth,  1853,  pages  iii  and  iv,  for  a  full 
history  of  this  paper.  ,     ht-   •  x 

t  The  artificial  breeding  of  salmon  was  placed  by  the  French  Government  under  the  Minister 
of  the  Interior,  of  Agriculture,  and  Commerce,  and  directly  under  M.  Coste,  and  the  two  engineers 
of  the  Rhone  and  Ehine  Canal,  MM.  Berthot  and  Detzen.  The  results  of  their  labours, 
together  with  a  history  of  the  experiments  of  Shaw,  Andrew  Young,  Boccius,  and  Milne-Edwards 
were  detailed  in  a  work  by  M.  Coste,  entitled  Instructions  Pratiques  sur  la  Pisciculture,  suivies 
de  Memoires  sur  le  meme  sujet,  1853.  ci  .  ,. 

I  The  private  fish-cultural  establishments  in  Scotland  are  at  Howietoun,  near  Stirhng, 
belonging  to  Sir  James  Maitland,  Bart.,F.L.s.  andF.z.s.,  commenced  in  1873,  and  by  far  the  most 
complete  in  existence,  especially  for  trout,  and  upwards  of  ten  million  ova  are  annually  incubated 
there.  Every  24  hours  about  one  million  gallons  of  water  flow  through  the  ponds,  which  arc  32 
in  number  and  employed  either  for  breeding  fish  or  raising  the  young,  or  experimental  work. 
The  Solway  Fishery,  established  by  Mr.  Armistead  in  1881,  and  capable  of  hatching  one  million 
ova,  has  19  ponds  :  Stormontjield  Ponds,  erected  in  1853  near  Perth,  now  nearly  superseded  by  tlie 
Dupplin  Hatchery,  instituted  in  1882,  where  young  are  hatched  for  the  Tay :  also  smaller  ones  at 
Loch  Leven,  Liniithqow  Palace,  at  Culzean  in  Ap-shire,  Benmorc,  at  Kilmun,  Argyllshire,  Lochbuie, 
Isle  of  Mull,  Aberdeen,  for  the  rivers  Dee  and  Don,  3Ioriston,  in  Invernesshire,  Caithness  on  the 
Forss,  and  a  few  others.  While  in  England  there  are  Mr.  Andrew's  at  Guildford,  Mr.  Capel's  at 
Craifs  Foot,  and  the  National  Fish  Culture  Association  at  Delafore  Park,  and  some  few  others, 
mostly  of  a  private  character. 

§  Ponds  should  not  be  too  large,  while  excavated  ones  are  safer  than  such  as  are  formed  by  dams, 
these  latter  being  more  liable  to  give  way.  A  fall  from  one  to  another  is  desirable,  but  they  have  to 
be  constructed  in  accordance  with,  if  intended  for  breeders,  fry,  or  fish  for  the  market,  also  with  the 
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is  til  lis  secured  in  that  care  can  be  taken  to  select  tliese  breeders  in  accordance 
with  their  age,  for,  as  has  been  shown,  the  size  of  the  eggs  increases,  up  to  a 
certain  point,  with  that  of  the  parent,  and  from  these  larger  eggs  finer  and  more 
rapidly  growing  offspring  are  produced.  In  this  manner,  and  by  constant  selec- 
tion, breeds  may  be  improved,  as  has  been  proved  by  Sir  James  Maitland  at 
Howietoun.  Althongh  salmon  have  not  yet  been  kept  in  suitable  ponds  for  the 
purpose  of  obtaining  their  eggs  and  stocking  our  rivers,  much  has  been  done  in 
other  countries.* 

The  mode  of  how  to  artificially  spawn  these  fishesf  requires  time  in  learning 
and  considerable  practice  in  being  an  adept  at,  consequently  a  skilled  manipulator 
will  obtain  a  larger  amount  of  eggs  from  one  which  is  ripe  than  will  an  inex- 
perienced or  a  careless  one.  Whether  a  fish  captured  for  this  purpose  is  in  a 
suitable  condition  may  be  ascertained  by  making  gentle  pressure  along  its 
abdominal  surface,  commencing  from  the  ventral  fins  and  stroking  it  rather 
heavily  towards  the  vent.  If  sufiiciently  forward  eggs  from  the  female  or  milt 
from  the  male  will,  as  a  rule,  be  extruded,  but  in  some  cases  females  will  not  at 
first  be  induced  to  part  with  their  ova  and  require  a  little  coaxing  or  even 
deferring  the  operation  for  a  short  time.  Should  the  ova  not  be  quite  ready,  the 
distended  abdomen  feels  hard  and  the  eggs  do  not  move  under  pressure  as  they  do 
in  ripe  fishes ;  force  should  never  be  employed,  because  not  only  are  immature 
eggs  valueless  but  injury  may  be  occasioned  to  the  spawning  fish,  especially  if 
some  ova  mixed  with  blood  are  expressed.  Sometimes  only  fish  of  one  sex  may 
be  obtainable,  and  it  becomes  necessary  to  retain  those  which  have  been  captured 
until  some  of  the  other  sex  have  been  procured,  and  this  may  be  done  in  tubs  of 
water,  contiguous  pools,  or  even  by  fastening  a  large  fish,  as  a  salmon,  by  means  of 
a  cord  being  affixed  around  its  tail,  and  thus  securing  it  to  a  stake  on  the  bank  of 
a  river,  or  placing  it  in  a  well-boat. 

amount  of  the  water  supply,  and  should  the  latter  be  plentiful,  shape  is  of  little  consequence ;  if, 
however,  it  is  restricted  they  should  generally  be  deep  and  narrow.  Some  employ  planks  in 
forming  both  inlets  and  outlets,  others  prefer  brick  or  stone  laid  in  cement.  Ac  the  intake  a 
means  should  exist  of  entirely  shutting  off  the  water  when  required,  while  the  outlet  should  allow 
the  passage  of  all  the  water  at  the  highest  possible  flood  and  making  allowance  for  the  screens 
being  clogged.  These  screens  should  be  placed  both  at  the  entrance  and  outlet  of  each  pond,  and 
may  be  constructed  of  perforated  zinc,  or  copper  or  iron  wire  jjlates,  fixed  into  wooden  frames, 
which  securely  block  both  channels  ;  and  in  order  to  obviate  clogging  from  descending  debris  an 
inverted  V-shaped  frame  may  be  built  out  in  front  of  the  screens.  Capabilities  ouglit  to  exist 
enabling  the  waler  from  the  ponds  to  be  drawn  off  when  it  is  necessary  to  repair  or  clean  them. 

The  results  of  experiments  made  in  fish-cultural  establishments  where  segregation  is  not 
perfect  must  always  be  accepted  with  the  greatest  caution.  Fishes  if  allowed  the  slightest  chance 
will  range  out  of  the  pond  in  which  they  are  placed.  Irrespective  of  this,  if  herons,  gulls,  or 
dabchicks  are  about,  the  chances  are  increased  of  a  little  admixture  being  occasioned  by  their 
dropping  fish  from  one  pond  into  another  as  they  are  flying  oft'  with  their  slippery  and  struggling 
prey. 

*  In  Canada  Mr.  Wilmot  had  salmon  captured  in  the  sea  in  May  and  impounded  in  a  tidal 
pond,  until  they  became  ripe  in  October  or  November,  when  they  were  artificially  spawned.  They 
have  also  in  the  United  States  been  imprisoned  in  rivers  for  this  purpose  with  more  or  less 
success.  As  such  an  undertaking  in  this  country  would  be  costly  it  is  improbable  that  it  will  be 
carried  out  by  private  individuals,  being,  in  fact,  more  of  a  national  than  private  requirement. 

t  An  ingenious  plan,  were  it  sufficiently  successful,  has  been  invented  by  Mr.  Ainsworth,  of 
the  United  States,  in  order  to  induce  the  trout  to  naturally  spawn  in  a  trap  so  that  the  eggs  can 
be  readily  collected.  The  channel  or  race,  which  supplies  water  to  the  pond  where  the  breeders 
are  kept,  is  left  open  in  order  to  allow  them  to  ascend,  but  this  they  can  only  do  for  a  certain  distance, 
as  it  is  closely  fitted  by  a  wooden  framework.  This  has  a  fioor  of  iDerforated  zinc  raised  about  a 
quarter  of  an  inch  above  the  bed  of  the  stream,  consequently  permitting  a  circulation  of  water 
from  below,  but  the  perforations  are  not  sufficiently  large  to  permit  eggs  to  fall  through,  any 
which  would  find  their  way  there  from  above  being  thus  unable  to  escape  below.  A  little  above 
this  perforated  zinc  floor  is  a  second  similar  tray,  thus  forming  a  closed  chamber.  This  is  like- 
wise of  perforated  zinc,  but  in  it  the  holes  are  sufficiently  large  to  allow  eggs  falling  through 
it  into  the  chamber,  which  has  been  formed  between  these  two  zinc  trays.  On  the  npper  surface 
of  this  npioer  tray  are  i^laced  two  inches  in  depth  of  coarse  gravel,  which  is  too  large  to  drop 
through,  and  here  the  trout  spawns,  and  as  it  forms  its  redd  with  its  tail,  stirring  up  the  gravel, 
the  eggs  fall  through  the  perforations  in  the  upper  tray,  into  the  receiving  chamber,  and  can 
be  removed  when  required.  Mr.  A.  S.  Collins  has  made  an  improvement  by  substituting  an 
endless  apron  for  the  lower  tray,  where  by  means  of  a  roller  which  is  turned  by  a  handle, 
the  eggs  can  be  received  into  a  pan  that  is  removable  at  will.  (Day,  Flali  Culture,  1883, 
pages  29,  30,  plate  I,  fig.  1,  2,  3.) 
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The  fish  -while  being  spawned*  is  held  with  its  body  somowat  sideways,  its 
tail  obliquely  doAvnwards,  and  its  abdomen  turned  slightly  towards  the  manipu- 
later ;  if  large  its  body  may  also  be  a  little  bent.  A  pan  to  receive  the  eggs  is 
placed  on  the  ground  as  near  as  convenient  to  the  fish's  vent,  then  gentle  pressure 
is  exercised  commencing  from  the  ventral  fins  and  continued  downwards  towai-ds 
the  vent.  The  ova  which  are  thus  pressed  out  may  be  treated  either  by  the  moist 
or  the  dry  process.  In  the  moist  some  water  is  first  put  into  the  pan  which  is  to 
receive  the  csi'o's,  for  it  used  to  be  held  that  if  ripe  milt  and  ova  were  mixed 
together  in  water  the  fish-culturist  would  be  most  closely  following  tlio  operations 
of  nature.  In  the  dry  process  (inaugiirated  by  M.  Vrasski  in  185G)  the  use  of 
water  at  this  time  is  dispensed  Avith,  the  eggs  being  expressed  from  the  fi.sh 
directly  into  a  dry  pan  (into  which  of  course  a  little  water  will  fall  from  the 
surface  of  the  fish),  over  these  eggs,  milt  from  a  male  is  distributed  ;  the  pan  is 
now  tilted  backwards  and  forwards,  causing  the  contents  to  be  well  mixed.  After 
allowing  time  for  this  comingling  to  take  place,  water  is  added  to  the  depth  of 
two  or  three  inches ;  this  is  gently  stirred  with  the  hand  and  then  allowed  to 
stand  until  the  eggs  harden  or  "  frees  "  as  it  has  been  termed,  being  a  period 
from  one-  to  three-quarters  of  an  hour  according  to  the  temperature,  taking 
longest  in  cold  weather.  In  the  moist  process  the  average  success  in  fertilizing 
eggs  was  about  50  or  60  per  cent.,  by  the  dry  process  as  many  as  95  per  cent,  are 
not  uncommon,  and  even  all  have  been  fertile. 

The  ova  as  extruded  are  soft  and  adhere  to  whatever  they  come  in  contact 
with,  apparently  owing  to  the  absorption  which  is  going  on  through  their  shells, 
for  water  is  gradually  imbibed  as  seen  most  distinctly  in  eggs  of  such  species  as 
the  guiniad  or  Coregomis,  and  first  observed  by  Ranking  in  the  egg  of  the  common 
stickleback.  When  the  interspace  between  the  outer  and  inner  coat  is  filled 
absorption  necessarily  ceases,  and  when  this  occurs  the  ovum  no  longer  adheres 
to  contiguous  objects  but  "  frees  "  itself  and  is  seen  as  a  hard,  almost  round,  and 
elastic  body.  Now  more  clean  water  has  to  be  carefully  poured  over  the  eggs  and 
continued  until  no  elfete  milt  remains,  and  so  soon  as  the  water  is  no  longer 
discoloured  they  may  be  transferred  to  the  carrying  can  in  the  proportiou  of 
about  one-third  eggs  and  two-thirds  water.  They  are  then  removed  to  the 
incubating  house  and  gently  distributed  by  the  aid  of  a  feather  over  the  bottom 
of  the  hatching  tray. 

There  are  some  points  respecting  the  conveyance  of  the  eggs  of  these  fishes 
which  may  well  be  discussed  in  this  place  :  when  recently  taken  they  will  bear 

*  Different  modes  of  spawning  fish  have  been  adopted  in  this  country.  Shaw,  in  1836, 
obtained  salmon  ova  from  a  redd  which  he  placed  in  gravel  and  hatched  in  a  stream  of  pure 
spring  water.  He  in  ISS?  took  two  spawning  fish  and  having  dug  a  trench  in  the  gravel,  he 
du-ected  a  stream  through  it  two  inches  deep  ;  the  fish  were  then  held  side  by  side  and  the  eggs 
and  milt  pressed  out  into  the  stream,  and  after  a  few  minutes  they  were  removed  to  another 
stream  where  they  were  hatched.  Boccius,  in  1848,  in  his  Treatise  on  the  Management  of  Fish, 
observed  that  "  the  principle  of  artificial  spawning  I  have  been  acquainted  with  as  far  back  as 
1815  ....  Should  the  fish  be  all  right,  take  a  large  earthenware  pan,  with  about  two  quarts  of 
spring  water  at  the  bottom,  and,  holding  the  female  fish  up  by  the  gill-covers,  draw  your  hand 
downwards  from  the  pectoral  fins  to  the  anal  point."  The  milt  was  to  be  similarly  obtained  from 
the  male,  the  whole  agitated  with  the  hand  for  about  a  minute  and  the  eggs  were  now  to  be 
spread  on  the  shingle  in  the  hatching  apparatus,  being  careful  one  was  not  above  another,  then 
two  inches  of  shingle  was  to  be  placed  above  the  ova  and  spring  water  permitted  to  flow  freely  over 
them.  Messrs.  Edward  and  Thomas  Ashworth's  experiments  were  made  in  a  similar  manner  to 
Shaw's,  they  commenced  December  20th,  1852,  at  Outerard,  in  Galway,  as  related  by  themselves, 
and  their  manager,  Mr.  Ramsbottom,  added  the  advice  to  keep  the  eggs  submerged,  which  must 
always  be  attended  to  even  when  the  ova  or  milt  is  flowing  from  the  fish.  Buckland  (1S(J3,  Fish 
Hatehintj)  advised  the  same  process  as  had  been  advocated  by  those  who  had  preceded  him,  and 
it  was  not  until  an  article  by  Livingston-Stone  in  The  New  York  Citizen  and  Bound  Table  of  March 
9th,  1872,  first  drew  attention  to  the  dry  process  of  M.  Vrasski  that  any  considerable  change  was 
made  and  this  plan  generally  adopted.  Prior  to  this  time  the  use  of  gravel  in  hatching  trays  had 
been  abandoned  by  most  fish-culturists  as  being  a  great  source  of  mortality  among  the  eggs  due 
to  the  elements  of  mischief  it  introduced  in  spite  of  the  greatest  care.  It  was  also  ascertained 
that  placing  covers  on  the  hatching  trays  and  thus  excluding  the  light,  or  else  hatching  the  eggs 
in  darkened  rooms,  were  sufiicicnt  for  the  necessary  exclusion  of  light  during  the  period  of 
incubation 
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travelling,*  thus  some  ti'out  were  spawned  at  Howietoun  on  JSTovember  27tli, 
1884,  the  eggs  were  at  once  packed  in  a  cigar  box  between  layers  of  muslin  in 
damp  moss  and  sent  by  train  to  Cheltenham,  arrived  the  afternoon  of  the  28th, 
after  experiencing  very  rough  usage  on  their  way,  the  box  even  being  broken ; 
still  they  hatched  satisfactorily,  and  there  was  not  a  single  monstrosity.  The  next 
year,  on  November  the  26th,  some  salmon  eggs  were  obtained  in  the  Teith,  and 
also  some  trout  eggs  from  Howietoun  fish,  but  were  not  packed  sufficiently  early 
to  reach  me  before  starting  for  the  train  on  the  27th.  They  were  sent  by  train 
on  the  28th,  and  arrived  at  Cheltenham  on  the  29th,  about  three  days  after  they 
had  been  obtained  from  the  fish,  but  all  died,  doubtless  owing  to  the  shaking 
they  had  sustained  at  this  period,  or  while  segmentation  was  in  progress. f 

It  is  dangerous  to  the  existence  of  the  embryo  within  the  egg  to  permit  them  to 
travel  subsequent  to  the  first  twenty-four  or  forty-eight  hours  after  they  have 
been  removed  from  the  fish,  unless  a  swing  can  is  employed  or  some  contrivance 
to  prevent  shocks,  for  such  interfere  with  the  vital  processes  which  are  going  on 
and  usually  occasion  its  death.  It  is  not  in  fact  until  the  ova  are  "  eyed,"  as  it 
is  termed  by  fish-culturists,  that  they  can  travel  in  safety  except  certain  precautions 
are  observed.  This  eyed  period  commences  somewhere  about  the  fortieth  day  of 
incubation  in  trout  eggs,  when  the  outline  of  the  fish,  also  the  eyes,  are  visible. 

The  appearances  presented  by  salmonoid  eggs  have  been  already  described, 
but  certain  changes  may  take  place  owing  to  morbid  conditions.  It  is  very 
common  to  observe  large  or  otherwise  abnormal  ova,  some  of  which  are  popu- 
larly termed  "  wind  eggs,"  passed  from  a  fish  among  the  first  which  are  extruded, 
while  there  are  often  some  small  hard  white  and  opaque  ones  that  have  remained 
attached  to  the  ovaries  or  in  the  abdominal  cavity  from  the  previous  season. 
Unimpregnated  eggs  when  left  unmoved  in  hatching  trays  mostly  continue  clear, 
but  concussion  may  cause  them  to  assume  the  white  and  opaque  appearance  of 
dead  ova.  In  salt  water  fertile  eggs  which  die  become  clear  in  the  shell  and  the 
embryo  contracted  in  size  is  visible  within,  but  if  in  this  condition  it  is  transferred 

*  At  Huningue  eyed  ova  were  first  sent  in  the  following  manner :  a  thin  layer  of  damp  moss 
was  placed  inside  a  wide-mouthed  bottle  and  pressed  down  to  the  bottom,  then  a  layer  of  eggs, 
next  one  of  moss  and  so  on  up  to  the  toj)  of  the  shoulder  of  the  bottle,  its  neck  was  then  filled 
with  damp  moss  and  a  paper  cover  full  of  holes  to  admit  air,  tied  over  the  top.  One  or  more 
bottles  were  then  packed  in  a  box  with  damp  moss,  while  this  box  was  placed  in  an  outer  wooden 
case  which  was  also  lined  with  damp  moss.     In  warm  weather  ice  was  added. 

t  Mr.  Brooks,  f.l.s.,  has  kindly  furnished  the  following  note  on  the  development  of  the 
embryo.  "  1.  The  contents  of  the  egg  envelope  essentially  consist  of  two  portions,  a  comparatively 
small  quantity  of  living  protoplasm  and  a  large  quantity  of  food-yelk,  to  be  drawn  on  as  required. 
2.  A  comparatively  thin  but  continuous  film  of  protoplasm  surrounding  the  whole  of  the  yelk. 
As  the  yelk  is  immediately  coagulated  when  in  contact  with  water  the  supposition  is  that  the 
film-like  sheet  of  protoplasm  prevents  coagulation.  3.  Five  or  six  hours  after  fertilization  the 
bulk  of  the  germinal  protoplasm  collects  at  one  jDole  of  the  egg  forming  a  lens-shaped  mound, 
the  blastoderm,  which  thins  off  at  the  pariphery  and  is  continuous  with  that  portion  which 
envelopes  the  yelk.  4.  During  the  formation  of  the  blastoderm  and  prior  to  its  subdivision,  its 
surface  is  irregular  and  shows  amceboid  movements.  5.  The  blastoderm  then  becomes  divided 
into  two  nearly  equal  parts  by  a  vertical  furrow  :  a  few  hours  later  a  second  is  formed  at  right 
angles  to  the  first,  so  that  the  blastoderm  now  consists  of  four  segments.  6.  Next  follow  stages, 
usually  during  the  second  day,  in  which  there  are  eight  or  sixteen  segments  but  slight  irregu- 
larities are  frequent.  7.  During  the  succeeding  days  these  subdivisions  are  continued  until  at 
the  end  of  a  week  the  blastoderm  consists  of  a  cap-like  mass  of  small  cells,  known  as  the 
mulberry  mass  or  morular.  8.  The  bastoderm  now  consists  of  a  circular  plano-convex  mass  of 
small  cells  at  one  pole  of  the  egg.  During  the  second  week  this  disc  begins  to  spread  out  over 
the  yelk,  thinning  out  near  the  centre.  9.  About  the  15th  or  16th  day  when  the  blastoderm 
envelopes  about  a  quarter  of  the  yelk,  a  thickening  appears  near  one  point  in  the  margin,  which 
is  soon  recognizable  by  its  opacity  and  constitutes  the  first  trace  of  the  embryo.  It  extends 
inwards  as  a  somewhat  triangular  streak  and  increases  in  length  and  importance  during  the  next 
iiVf  days.  The  posterior  portion  of  this  streak  is  where  the  tail  of  the  future  embryo  grows  free 
fi'om  the  yelk,  while  the  anterior  jDart  soon  becomes  raised  from  the  blastoderm  and  forms  the 
head.  10.  With  the  formation  of  this  more  opaque  and  thickened  streak  the  axis  of  the  embryo 
can  be  recognized.  The  extension  of  the  blastoderm  over  the  yelk  continues,  but  progresses  more 
rapidly  from  the  anterior  than  from  the  posterior  margin.  About  the  end  of  the  third  week  the 
yelk  is  almost  entirely  enveloped  by  the  blastoderm,  the  last  trace  of  yelk  being  seen  as  a  circular 
spot  a  little  below  the  posterior  end  of  the  embryo.  This  in  turn  also  becomes  closed  in  by  the 
growth  of  the  blastoderm  over  it." 
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to  fresh  water  it  becomes  white  and  opaque,  hut  returns  again  to  its  clear  glass- 
like  appearance  if  re-immersed  in  salt  water,  and  this  alteration  on  changing 
fluids  may  be  seen  on  being  repeated  for  several  successive  times. 

Dead  eggs  are  sources  of  great  injury  to  the  contiguous  living  ones,  whether 
in  the  natural  redds  or  in  the  hatching  trays  of  the  iish-culturists,  being  liable  to 
byssus,  a  product  of  decaying  animal  substance.  This,  which  is  of  a  fleecy  appear- 
ance, develops  long  tendrils  that  branch  out  in  many  directions,  attaching 
themselves  to  all  the  eggs  in  the  vicinity  and  mostly  ensuring  their  destruction. 
Its  existence  renders  it  necessary  to  remove*  all  opaque  and  dead  ova,  which 
should  be  done  not  less  frequently  than  three  or  four  times  a  week.  Another  form 
of  fungus  must  likewise  be  remarked  upon,  this  species  is  allied  to  the  Hapro- 
legnia  ferax,  so  destructive  to  many  of  our  fishes,  and  when  it  once  shows  itself  all 
tlie  eggs  will  probably  perish,  or  should  any  young  emerge  they  will  be  sickly  and 
worthless.  Difficult  to  perceive  on  account  of  its  fineness  and  absence  of  colour, 
it  may  obtain  a  firm  hold  on  the  eggs  before  the  fish-culturist  is  aware  of  its 
presence,  and  the  cause  of  its  existence  has  yet  to  be  discovered.  Dirty  water 
will  not  invariably  bring  it,  nor  clean  water  keep  it  away,  the  rapidity  of  its  growth 
is  diminished  by  darkness,  and  increasing  the  flow  of  water  and  also  decreasing 
the  temperature  have  been  found  in  some  instances  to  be  checks,  but  the  most 
likely  preventive  is  to  char  the  inside  of  the  trays  and  every  piece  of  wood  over 
which  the  water  which  supplies  the  hatchery  flows,  or  use  paint  or  other  similar 
expedients,  and  keep  the  eggs  in  the  dark. 

The  water  most  suited  for  a  hatching-housef  is  that  from  an  inexhaustible 
spring:}:  of  sufficient  capacity  throughout  the  year  at  a  low  temperature,  as  from 
41°  to  45*^  Fahr.  and  free  from  all  forms  of  pollution ;  that  which  rises  from  a 
limestone  source  is  preferable.  When  the  water  supplying  the  hatching-house, 
as  the  Mill- Holme  one  at  Howietoun,  comes  from  an  underground  source  it  is  not 
subject  to  fluctuations  of  temperature  or  to  floods,  consequently  filtering  beds  are 
unnecessary,  a  few  settling  pits  distributed  along  its  course  being  all  that  is 
required. 

The  water  which  is  intended  for  hatching  purposes  is  now  conducted  into  a 
supply  trough,  and  from  thence  distributed  to  the  hatching-trays,  and  whatever 
plan  is  adopted  they  ought  to  be  in  such  a  position  that  the  attendant  can  obtain 
easy  access  to  the  eggs  and  readily  examine  them  in  order  to  ascertain  their 
condition,  and,  when  necessary,  remove  the  dead  ones. 

Hatching-trays  of  various  forms  and  sizes  are  employed,  in  accordance  with 
the  water  supply,  and  either  contain  one  layer  of  ova  resting  on  the  floor  of  the 
tray,  or  placed  so  that  a  current  of  water§  flows  under  as  well  as  over  them ;  or 
there  may  be  several  trays  placed  one  above  another  within  a  large  one,  while 
from  li  to  1|  inches  of  water  should  always  be  present  above  the  eggs.     The 

*  One  of  the  best  plans  for  this  purpose  is  the  bulb  syrkige,  as  employed  at  Howietoun,  and 
several  other  modifications  are  in  use  ;  also  tweezers  or  nippers  of  fine  wire,  a  mmiature 
spoon,  or  even  a  leech  glass. 

J  The  hatching-house  has  to  be  modified  in  accordance  with  the  locality  and  requirements ; 
in  cold  places  a  more  solid  construction  being  necessary  to  keep  out  frost,  or  it  may  even  be 
necessary  to  place  it  under  the  lee  of  a  bank.  If  it  is  desired  of  large  size  it  should  be  erectetl 
on  a  slope,  in  order  to  permit  the  hatching-trays  to  be  placed  in  stair-like  sequence,  so  that  a 
considerable  fall  of  water  may  exist  between  the  one  above  and  that  next  below  it.  But,  as  has 
been  frequently  observed,  however  adequate  your  house  and  water  supply  are,  you  are  not  secure 
unless  all  your  joints,  screws,  taps,  &c.,  are  kept  in  good  working  order. 

X  Of  course  this  is  not  always  available,  and  water  may  have  to  be  obtained  from  streams  or  other 
sources  rendering  filtering  necessary;  but  filtering,  although  it  may  clarify  water,  does  not  alwaj-s 
remove  all  its  injurious  ingredients;  while,  although  clear  water,  destitute  of  animal  and  vegetable 
impurities,  is  best  adapted  for  incubating  eggs,  its  very  absence  of  life  renders  it  unsuitable  for 
young  fish.  River  water  is  hable  to  droughts  and  floods,  while  in  winter  it  often  brings  down  ice, 
IpfliVGs   sticks   Rud  other  claJjvi'^ 

§  At  Howietoun,  where  the  average  temperature  of  the  water  is  from  41°  to  45°  Fahr.,  the 
supply  is  10  gallons  a  minute  to  every  100,000  eggs,  which  flow  is  increased  in  the  later  stages  of 
incubation,  while  the  hatching-trays  are  about  6  ft.  8  in.  long  and  19h  inclies  wide,  inside  measure- 
ment; after  the  eggs  are  hatched  one  foot  of  the  lower  end  is  kept  vacant,  and  divided  oh  from  the 
remainder  of  the  tray  by  a  screen.  Where  the  water  enters  is  a  screen  of  perforated  zinc,  placed 
about  8i  in.  from  the  upper  end,  but  it  slopes  obliquely  downwards  to  the  floor  of  the  tray,  so 
that  no  space  is  lost. 
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trays  may  be  made  of  slate,  stone,  pottery,  or  wood,  being  careful  that,  sliould  the 
last  be  selected,  no  odorous  form  is  employed.  Wood  should  be  thoroughly 
charred  inside,  or  covered  with  tar  or  asphalte  varnish  or  paint,  which,  aids  in 
preventing  the  formation  of  fungus.  Glass  grilles  are  largely  employed  by  those 
who  are  desirous  of  raising  strong  and  healthy  fry.  Metal  substances  are  liable 
to  undergo  chemical  changes  in  some  waters,  and  should  perforated  zinc  trays  be 
employed  they  should  have  a  sufficient  covering  of  paint  or  varnish.*  Copper 
should  be  rejected  for  trays. 

It  has  been  held  that  deep  or  still  waters  are  unsuited  to  the  incubation  of  the 
eggs  of  these  fishes, f  but,  although  this  may  be  the  case  in  natural  conditions,  it 
is  not  found  to  be  invariably  so  in  artificial  fish-culture. 

The  eggs  having  been  safely  deposited  in  the  hatching- trays,  the  fish-culturist 
has  to  be  careful  that  the  supply  of  water  is  continuous  and  nothing  occurs,  so  far 
as  h.e  can  obviate  it,  which  would  cause  injury  during  the  process  of  incubation. 
The  room  should  either  be  dark  or  the  trays  fitted  with  covers,  as  light  is 
injurious  and  ova  subjected  to  it  are  liable  to  be  small-eyed  and  weakly  if  hatched. 
Of  course  the  more  perfect  the  impregnation  has  been  the  greater  the  proportion 
of  fei^tile  eggs,  and  this  saves  a  large  amount  of  manual  labour  in  removing  the 
useless  ones.  To  save  space,  some  fish-culturists  have  advocated  several  successive 
layers  of  trays,  a  plan  objected  to  by  the  majority  as  tending  to  produce  weak 
young:  others  again  suggest  that  as  soon  as  the  eggs  are  eyed  all  should  be  washed 
in  a  pan,  when  most  of  the  unimpregnated  ones  and  bad  ones  will  turn  white,  and 
then  the  good  and  clean  ones  might  be  placed  in  one  of  these  trays  in  several 
layers.  The  water  should  not  swirl  about  the  eggs  as  if  they  were  boiling  or 
bubbling  tip,  as  such  concussion  would  be  fatal  to  many,  while  if  no  appearance 
of  the  embryo  is  observable  by  the  fiftieth  day  the  best  plan  is  to  throw  the  ova 
away  as  any  chance  of  their  ever  hatcliing  is  past.| 

I  have  already  alluded  to  the  forms  of  fungus  to  which  eggs  are  liable,  while 
small  eyes  as  seen  in  the  embryo  is  a  sign  of  weakness  and  observable  as  the 
result  of  an  excess  of  light  or  excess  of  cold.     If  it  is  desired  to  pack  eggs  after 

*  When  fisli-cnlture  was  first  commenced,  it  was  considered  necessary  to  follow  nature  and 
deposit  the  eggs  under  gravel,  which  was  first  sifted  to  about  the  size  of  a  large  pea  and  then 
boiled  to  destroy  deleterious  agencies,  while  such  as  contained  much  iron  was  rejected.  Next, 
simply  charred  boxes,  with  covers  to  keep  out  the  light,  were  used.  Glass  grilles  or  hollow  rods 
were  early  employed,  fixed  in  wooden  frames  or  resting  on  a  stri^D  of  perforated  galvanized  zinc,  and 
going  across  the  entire  width  of  the  tray,  being  sunk  to  about  an  inch  from  the  bottom,  where  a  ledge 
of  wood  prevented  their  sinking  lower  and  a  catch  precluded  their  rising  above  a  desired  level,  as 
from  li  to  2  in.  below  the  surface.  These  glass  rods  do  not  quite  touch  one  another,  while  a 
passage  is  secured  for  water  both  above  and  below  the  eggs.  Frank  Buckland  objected  to  glass 
grilles,  because  "  parent  fish  do  not  find  glass  bars  at  the  bottom  of  the  river,  but  they  do  find 
gravel."  {Nat.  Histonj  of  British  Fislies,  1880,  it.  390.)  While  Livingston- Stone  remarked  that 
simple  charcoal  or  carbonized  troughs  are  equally  as  efficacious  as  grilles  and  infinitely  more 
economical.  He  considered  the  first  to  be  the  thing  for  business,  and  the  second  more  suitable 
for  rich  men's  experiments.  Or  the  trays  to  receive  the  eggs  may  be  made  of  jjerforated  zinc  and 
the  supply  pi}3e  fixed  under  the  bottom  of  the  box,  so  that  the  water  ascends  through  the  eggs. 
Similarly,  these  trays  may  be  in  a  single,  double,  treble,  or  even  in  four  tiers.  For  an  account,  with 
illustrations,  of  a  large  number  of  processes  now  in  use,  see  Day's  Fish  Culture,  1883. 

f  Ephemera  {Hdiidbook  of  Angling,  3rd  edition,  1853,  p.  233)  asserted  that  "salmon  never 
deposited  their  spawn  in  deep  or  still  waters :  if  they  did  it  would  not  be  vivified.  To  vivify 
salmon  ova  impregnated  by  the  milt,  the  combined  influences  of  running  water,  atmospheric  and 
solar  action  are  necessary."  Sir  Humphi'y  Davy  (''  Salnionia")  considered  that  all  which  is 
required  for  the  production  of  fslies  (as  salmon)  from  the  impregnated  egg  is  a  constant  supply 
of  water  of  a  certain  temperature  furnished  with  air.  "  The  precipitation  of  water  from  the 
atmosjrihere,  its  rapid  motion  in  rivers,  and  its  falls  in  cataracts,  not  only  preserve  this  element 
pure,  but  gives  it  its  vitality,  and  renders  it  subservient  even  to  the  embryo  life  of  the  fish" 
(page  85). 

+  Livingston-Stone  very  clearly  explained  how  to  recognize  good  from  bad  eggs,  for  although 
it  had  been  generally  held  that  until  the  spinal  column  showed  itself  the  difference  between  the 
two  was  almost  undiscernible,  he  remarked  that  this  is  not  strictly  true,  because  there  is  a 
period,  within  forty-eight  hours  of  the  taking  of  the  eggs,  when  the  good  can  be  distinguished 
from  the  worthless  ones.  In  the  unimpregnated  a  small  annular  disk  with  a  round  dot  in  the 
centre  is  seen  at  the  top  of  the  egg  and  continues  until  the  egg  turns  white.  In  the  impregnated 
egg  the  disk  will  disappear  within  twenty-four  hours.  Eggs  which  after  the  first  day  show  the 
disk  are  unimpregnated:  those  without  the  disk  are  impregnated  (see  page  32  ante). 
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tlieyhave  eyed,  they  may  bo  left  fm*  twelve  or  more  hours  in  damp  moss,  wlion  tlio 
weak  ones  will  often  be  distiiignisbable  by  their  pale  appearance. 

When  the  eggs  commence  to  hatch  considerable  attention  is  necessary,  while 
somewhat  different  treatment  may  be  required  in  accordance  with  the  method 
which  has  been  adopted.  In  the  glass  grille  system  the  young  slips  through 
between  the  rods  on  to  the  bottom  of  the  box,  but  as  it  then  comes  in  contact 
Avith  the  discarded  egg-shells,  which  are  decidedly  injurious,  one  plan  is  to  turn 
all  the  eggs  off  the  grilles  on  to  the  box  and  slightly  raise  the  depth  of  the  water. 
Or,  if  perforated  zinc  trays  are  employed,  the  use  of  the  watering-pot  may  be 
necessary  in  order  to  remove  the  discarded  egg-shells  and  other  impurities.  Some 
iish  are  seen  to  hatch  by  the  egg  splitting  down  the  line  of  the  back,  others 
emerge  tail  first  or  head  first,  this  last  being  frequently  effected  at  the  great 
danger  of  a  portion  of  the  sac  becoming  forced  before  the  head  at  the  risk  of 
suffocating  the  alevin.  Some  on  emerging  are  lively  and  strong,  while  others  on 
the  contrary  are  listless  and  -weak ;  occasionally  a  little  assistance  is  necessary  in 
order  to  help  the  little  fish  out  of  the  shell,  and  for  this  purpose  sonic  fish-culturists 
recommend  the  use  of  a  camel-hair  brush.  If  the  trays  arc  sufficiently  large, 
the  young  salmon  and  trout  may  be  kept  two  or  three  months  in  the  hatching- 
house,  and  char  still  longer. 

Although  experiments  have  shown  that  eggs  may  be  successfully  incubated  in 
damp  moss,  it  would  seem  that  a  sluggish  current  of  water  may  be  equivalent  to 
a  diminished  supply  of  proper  aeration,  and  merely  sufficient  for  the  slow  develop- 
ment of  the  embryo.  On  December  12th,  1885,  a  number  of  trout  eggs,  which 
had  been  obtained  from  the  fish  the  previous  day,  were  received  in  a  swing  tin 
can  at  Cheltenham,  from  Howietoun :  they  were  placed  inside  a  coach-house  in 
hatching-trays  supplied  with  a  slow  stream  of  water  from  a  tub,  filled  twice  or 
more  daily  from  a  contiguous  well.  As  the  water  was  only  sufficient  to  pass  in 
the  form  of  a  small  stream  from  thirty  to  forty  times  a  day  through  each 
incubating  tray,  it  is  clear  that  they  must  have  received  merely  a  minimum  of 
aeration.  On  December  21st,  Mr.  Ogden  had  about  200  of  these  eggs,  which  he 
took  to  Matlock  and  put  in  hatching-trays  in  a  good  stream  of  water,  where  they 
hatched  upwards  of  a  month  before  those  which  were  kept  at  Cheltenham.* 
Consequently  deferred  hatching,  or  protracted  incubation,  may  not  invariably  be 
a  good  sign  or  the  certain  forerunner  of  strength  in  the  young. f 

It  has  been  shown  that  the  temperature  of  the  water  employed  exercises  a 
considerable  influence  upon  the  time  required  for  incubation,  and  Seth  Green 

*  Another  subject  of  interest  was  the  date  at  which  the  trout  eggs  hatched  during  the  season 
of  1885-86,  at  Cheltenham,  for  in  1884-85  they  commenced  on  the  82nd  day,  but  not  in  large 
numbers  until  the  87th  day,  while  in  the  winter  of  1885-86  the  first  emerged  on  the  103rd  day,  and 
the  main  body  began  to  show  themselves  on  the  106th  day.  As  during  these  two  seasons  the 
eggs  were  incubated  in  the  same  house,  with  water  obtained  from  the  same  pump  and  likewise 
in  nearly  the  identical  apparatus,  the  conditions  were  almost  similar.  But  doubtless  a  lower 
temperature  was  one  of  the  causes,  and  I  have  been  furnished  by  my  neighbour,  Mr.  TjTcr,  with 
the  following  comparative  statements  of  the  temperature  of  the  two  seasons  under  review : — 

Season  1884-85.  Season  1885-86. 

December       .         .     40-1     ....     38-0 
January  .        .     36-6     ....     35-0 

February        .        .     43-1     ....     33-G 
March  .         .     40-1     ....     39-6 


Mean  monthly  temperature  .        .     39-9     ....     36-5 

Although  the  mean  temperature  of  the  four  months  in  the  open  air,  in  1885-86,  was  3*4'?  below 
that  of  1884-85,  that  of  February,  1886,  was  nearly  10"  below  that  of  1885.  The  figures  show  that 
in  the  latter  season  the  temperature  was  3^  degrees  colder  than  in  the  former  one,  or  a  difference 
of  about  17^  days,  computing  by  Seth  Green's  table,  which  was  within  IJ  days  of  the  actual 
period. 

t  In  the  course  of  my  experiments  carried  on  during  the  season  of  1885-86,  at  Cheltenham, 
it  must  not  be  taken  for  granted  that  everything  invariably  went  on  smoothly,  for  accidents 
occasionally  took  place.  Thus,  one  Sunday  it  was  thought  that  instead  of  fresh  water  being 
pumped  in  order  to  fill  each  reservoir  tub,  that  which  had  passed  over  hatching  eggs  would  do 
just  for  that  day  only.  This  water,  however,  had  the  usual  appearance  seen  at  this  period, 
being  covered  with  a  sort  of  soap-suddy  foam,  and  highly  deleterious  for  this  purpose ;  it,  however, 
was  tried,  and  with  the  result  of  a  large  number  of  deaths  resulting. 
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seems  to  Lave  been  the  first  to  point  out  in  America,  that  although  for  this 
purpose  the  eggs  of  their  common  char,  Salmo  fontinalis,  normally  require  fifty 
days  when  the  water  is  at  50°  Fahr.,  every  degree  warmer  or  colder  makes  five 
days'  difference ;  the  warmer  water  acting  in  expediting  the  period  of  hatching, 
and  the  colder  in  protracting  it.*  But  while  this  is  generally  correct,  it  must  also 
be  borne  in  mind  that  the  size  and  rapidity  of  the  flow,  as  well  as  the  character 
of  the  water,  must  be  taken  into  consideration. 

'Not  only  will  these  eggs  incubate  in  damp  moss  under  the  conditions 
described, t  but  even  should  they  from  any  cause  become  dried,  such  may  not 
necessarily  occasion  death  unless  it  is  continued  for  some  time.  On  March  13th, 
1886,  at  8  P.M.,  a  trout  egg  was  removed  from  a  hatching-tray  where  it  had  been 
ninety-one  days,  and  the  contained  young  was  seen  to  be  very  active.  It  was 
placed  in  a  dry  glass  tube,  and  subsequently  forgotten  until  7  p.m.,  when  the  shell 
had  become  dry  and  somewhat  shrivelled,  its  upper  surface  having  a  cup-like 
depression,  which  had  contracted  the  size  of  its  interior  to  about  three-quarters 
of  what  it  had  pre^aously  been.  On  examination,  the  heart  of  the  embryo  was 
seen  to  be  rapidly  but  feebly  pulsating,  so  it  was  at  once  transfei-red  to  water, 
and  after  little  more  than  half-an-hour  the  egg  had  regained  its  original  shape. 
It  hatched  seven  days  afterwards,  the  little  fish  emerging  in  a  lively  condition.  J 

It  may  be  as  well  to  here  advert  to  the  result  of  placing  the  eggs  of  the 
Salmon] dee  in  salt  water,  for  the  idea,  or  conjecture,  periodically  appears  to  be 
i-evived  that  salmon  can  breed  in  the  sea,  or  at  least  that  it  has  not  been  proved 
that  brackish  water  is  deleterious  to  their  eggs.§  It  is  useless  pointing  out  to  the 
advocates  of  this  opinion,  who  are  mostly  prejudiced  or  igiiorant  net  fishermen, 
that  could  they  do  so,  why  do  salmon  push  up  into  rivers  for  breeding  purposes, 
and  that  often  as  far  as  they  can  ascend  from  salt-water  influences  ?  They  do  not 
choose  a  spot  between  high  and  low  water-mark  along  our  inlets  and  bays,  for 
in  such  localities  their  nests  would  be  liable  to  be  disturbed  by  the  ebb  and  flow 
of  the  tides,  whereas  if  they  selected  the  deeper  portions  of  the  ocean  joossibly 
the  eggs  would  be  insufficiently  aerated, 

Rondeletius,  who  wrote  upon  the  salmon  %(])wards  oftliree  and  a  quarter  centuries 
ago,  was  an  upholder  of  the  doctrine  that  salmon  spawned  in  the  sea;  one  which, 

*  Seth  Green  likewise  pointed  out,  that  in  the  above  fishes,  when  hatched  in  fifty  days,  the 
yelk  sac  remains  thirty  more,  but  if  incubation  has  extended  to  seventy  days,  the  sac  remains  at 
least  forty-five. 

f  The  foregoing  experiments  show  that  eggs  may  be  kept  in  damp  moss,  o/other  situations 
destitute  of  any  flow  of  water,  if  the  conditions  of  cold,  damp  and  darkness  are  observed  :  while 
the  period  of  hatching  may  be  retarded  by  the  judicious  use  of  ice.  It  would,  consequently, 
appear  practicable  to  carry  on  incubation  with  varying  degrees  of  rapidity,  and  so  suit  the  time  of 
evolving  the  young  to  the  capacity  of  the  hatching-house,  or  even  to  do  without  the  latter,  should 
the  fish-culturist  possess  proper  shallow  ponds  fed  by  streams  in  which  to  turn  the  eyed-ova  or 
hatching  eggs,  a  subject  which  will  be  again  alluded  to, 

\  Dr.  John  Davy,  in  1853,  made  some  interesting  observations  on  the  subject  of  temperature 
on  ova  and  young  fish,  in  each  instance  the  experiment  being  carried  on  in  a  thin  glass  vessel  of 
the  capacity  of  about  four  ounces,  nearly  full  of  water,  and  this  vessel  was  placed  in  a  water  bath 
of  the  temperature  required.  An  ovum  was  two  and  a-half  hours  in  water  at  70  deg.,  which 
rendered  its  circulation  languid  ;  kept  two  hours  more,  and  increasing  the  heat  of  the  water 
to  80  deg.,  no  further  apparent  ill  effects  were  seen.  The  vessel  was  now  removed  from  the  bath, 
and  allowed  to  cool  gradually,  and  ten  hours  later  a  vigorous  young  fish  was  found  to  have  burst 
its  shell.  An  ovum  and  a  young  fish  were  kept  in  water  between  G8  deg.  and  72  deg.  for  about  eight 
hours,  when  the  egg  was  found  to  be  hatched  and  a  tolerably  active  young  fish  was  produced.  Next 
day  both  were  exposed  to  a  temperature  between  70  deg.  and  80  deg.,  rarely  reaching  80  deg.,  and 
at  the  end  of  the  day  they  were  languid,  or  if  in  motion  disposed  to  irregular  movements.  Removed 
from  the  water  bath  the  next  day  they  were  active,  and  subsequently  showed  no  ill  effects  from 
their  treatment.  A  young  fish  and  an  ovum  were  put  into  water  raised  to  82  deg.,  and  after  an 
hour  to  85  deg.,  when  the  water  was  gradually  cooled,  but  the  circulation  in  the  young  fish  was 
found  to  be  languid,  and  the  following  day  it  was  dead.  The  egg  did  not  suffer  materially  for  three 
days  ;  subsequently  a  vigorous  young  fish  was  produced.  An  ovum  kept  in  water  for  two  hours 
at  from  90  deg.  to  95  deg.  died,  as  did  also  one  put  for  half-an-hour  in  water  at  100  deg. 

§  In  January,  1882,  Mr.  Douglas  Johnstone  recorded  in  a  Montrose  newspaper  that  a  beautifully 
marked  salmon-smolt,  six  inches  long,  had  been  taken  from  the  stomach  of  a  whiting  caught 
in  the  deej)  sea  fishing  two  miles  off  the  Forfarshire  coast.  Having  sent  the  specimen  and 
necessary  information  to  Professor  Huxley,  f.r.s.,  H.M.  Inspector  of  Salmon  Fisheries,  he  was 
informed  by  him  that  this  raised  the  novel  and  interesting  question  whether  salmon  spawn  in  the 
sea  or  not  ? 
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"wero  it  believed  in  and  acted  npon,  would  bo  disastrous  to  oui"  salmon  fislicries  ; 
as  it  might  be  advanced  that  these  iishes  could  breed  as  well  in  the  ocean  as  in 
rivers,  consequently  no  necessity  on  their  behalf  arises  for  keeping  our  fresh 
waters  pure,  or  having  tree  passes  in  our  streams  in  order  to  allow  them  to  reach 
their  spawning-beds.  It  Avas  probably  from  such  views  the  notion  of  the  par 
being  a  distinct  species  sprang,  and  even  now  there  are  some  Avho  assei't  a  doubt 
whether  our  "  last-springs  "  are  the  young  of  Sabiio  saliu-.*  Willoughby  followed 
Gesnei',  and  in  his  lllstorij  of  Fishes,  published  in  1G8G,  lib.  iv,  adduced  reasons 
for  disputing  the  correctness  of  Roudelotius's  opinion  ;  while  Pontopj)idan,  in 
1755,  in  his  Natural  History  of  Norway,  returned  to  Rondelctius's  view,  asserting 
that  ho  Avas  well  assured  that  salmon  chiefly  eject  their  roe  at  the  mouths  of 
rivers,  Avhero  they  empty  themselves  into  the  sea,  or  else  a  little  above  the  salt 
water.f 

I  thought  it  well  worth  making  investigations  on  the  point,  which  was  done 
by  placing  the  ova  in  tumblers  and  changing  the  Avater  once  daily :  for  eggs  simi- 
larly placed  in  tumblers  of  fresh  Avater  hatched.  Two  trout  eggs  kept  in  l)rackish 
water  at  the  specitic  gi*avity  of  1008'^  (except  for  two  days  at  1019")  from  January 
9th  hatched,  one  on  February  28th  the  other  March  1st,  but  one  had  dropsy 
of  the  sac,  apparently  due  to  the  medium  in  which  they  had  been  kept,  still  as 
a  rule  salmonoid  eggs  placed  for  a  day  or  two  in  salt  Avater,  i.e.  of  a  salinity  of 
1020°  and  upwards,  invariably  died,  as  Avill  be  fully  detailed  Avhen  discussing 
"  breeding  "  of  salmon  and  trout. 

Among  the  many  agencies  that  tend  to  limit  the  geographical  distribution  of 
these  fishes  is  that  of  temperature,  the  Salmonida),  with  few  exce2:)tions,  being 
confined  to  an  area  possessing  a  cold  or  temperate  climate,  while  the  salmon,  trout 
and  char  deposit  their  eggs  during  the  winter  months.  It  is  a  matter  of  history 
hoAv  Mr.  YoulJ  first  proved  that  eggs  of  fishes  of  this  family  could  be  transmitted 
even  to  the  Antipodes  by  the  agency  of  cold  scientifically  utilized,  and  although 
some  authors  have  contended  that  freezing  ova  will  not  destroy  the  life  of  the 
embryo,  such  a  contention  is  most  probably  incorrect.  Dr.  John  Davy  ascertained 
that  impregnated  salmon  ova  are  capable  of  resisting  a  degree  of  cold  sufficient  to 
freeze  water  and  imbed  them  in  ice ;  Avhile  in  1881  it  was  stated  that  a  large 
amount  of  salmon  eggs  in  rivers  in  the  highlands  of  Scotland  had  been  destroyed 
by  frost. 

Circumstances  occurred  Avhich  permitted  the  eff"ects  of  freezing  fish-eggs  to  be 
watched  by  myself  on  rather  a  large  scale  during  the  winter  of  1885-86§,  about 
10,000  Lochleven  trout  ova  that  had  been  taken  from  the  fish  on  the  10th,  having 
been  sent  from  Howietoun  to  Cheltenham  and  am-iving  on  December  12th. 
They  were  transmitted  in  water  in  a  swing  tin  can,  suspended  to  a  strong  wooden 
frame,  and  when  received  the  lid  was  found  to  be  tightly  frozen  doAvn,  Avhile  even 

*  A  history  of  this  controversy  in  the  British  Isles  during  the  present  century  as  regards 
salmon  will  be  given  under  the  head  of  the  "  breeding  "  of  this  tish. 

f  As  bearing  on  this  question  of  the  effect  of  saline  water,  I  may  notice  the  paper  of  M.  Emilo 
Young  (Ann.  and  Mag.  Nat.  Hist.,  January,  1884,  xiii,  page  74).  "  On  the  influence  of  Physico- 
chemical  agencies  upon  the  development  of  the  Tadpoles  of  Rana  esculenta."  He  concluded 
they  were  developed  the  more  slowly  the  greater  the  degree  of  salinity  of  the  water. 

J  M.  Pouchet  has  given  reasons  based  upon  experiments  that  no  vertebrate  animal  which  has 
been  completely  frozen  is  susceptible  of  resuscitation,  owing  to  the  blood  having  become  disorgan- 
ized, although  it  has  been  abundantly  proved  that  fish  may  be  revivified  after  they  have  been 
surrounded  by  ice  without  being  entirely  frozen.  Even  partially  frozen  fishes  if  resuscitated  often 
subsequently  succumb  from  the  injury  their  constitution  has  sustained.  Livingston- Stone  (Domesti- 
cated Trout,  p.  158)  observed  that  he  has  frozen  alevins  several  times  so  that  they  wero  glued 
tight  on  to  the  ice  and  could  not  stir,  and  in  most  instances  it  did  not  seem  to  hurt  them  at  all. 

§  In  the  above  instance  2454  eggs  were  accidently  frozen,  at  least  every  one  of  them  was 
imbedded  for  some  time  in  ice,  565  being  quite  dead  when  thawed  out,  and  without 
enumerating  the  daily  mortality  it  will  be  sufficient  to  give  it  in  periods  of  ten  consecutive  days 
each,  and  which  were  as  follows  : — 89,  45,  173,  09,  199,  121,  193,  197,  and  the  remainder  subse- 
quently succumbed,  not  a  solitary  ovum  hatching.  A  small  opaque  white  spot  in  most  instances 
showed  itself,  or  else  a  white  semi-circle,  subsequently  the  entire  egg  became  opaque.  Those  which 
survived  the  longest  or  until  the  embryo  became  sufficiently  forward  to  be  examined,  were  in  every 
instance  found  to  possess  a  badly  developed  head,  and  very  small  black  eyes,  apparently 
evidencing  a  want  of  development  in  consequence  of  the  injury  received  from  the  amount  of  cold 
to  which  they  had  been  subjected. 
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the  air-holes  were  plugged  with  ice,  for  a  very  severe  frost  had  existed  for  several 
days.  Agitation  of  the  can  had  prevented  the  surface  of  the  contained  water 
freezing,  but  on  emptying  out  the  eggs  which  were  free,  it  was  found  that  the  entire 
inner  surface  of  the  can  was  a  solid"  incrustation  of  ice,  wherein  about  one-fourth 
of  the  consignment  of  eggs  were  imbedded.  The  next  morning  there  was  no 
change,  although  the  temperature  of  the  contained  water  had  risen  from 
31°  to  33°  Fah. ;  still  it  was  not  until  6.30  p.m.  that  the  ice  in  which  the  eggs 
were  imbedded  could  be  extracted,  or  about  54|  hours  after  the  can  had  left 
Stirling.  Here  was  a  case  in  which  eggs  were  frozen  in  such  a  manner  as 
might  be  expected  to  occasionally  take  place  when  in  their  natural  redds,  but 
although  some  survived  longer  than  others,  the  contained  embyros  were  insuffi- 
ciently developed,  and  none  lived  to  be  hatched.  On  January  19th,  1886,  thirteen 
ova  were  taken  from  a  hatching-tray  wherein  the  unfrozen  eggs  were,  and  these 
were  placed  in  water  in  an  unglazed  flower-pot  saucer,  and  left  out-of-doors  to 
freeze.  The  next  morning  the  surface  of  the  water  was  frozen,  and  by  the  evening, 
at  8  P.M.,  it  was  a  solid  block  of  ice,  in  which  the  eggs  were  imbedded.  On  the  26th 
a  thaw  set  in,  and  by  mid-day  all  the  eggs  were  thawed  out ;  one  was  found  dead, 
and  the  rest  were  placed  in  a^  tray  in  the  hatching-house.  On  February  24th,  two 
died,  nine  during  the  first  seven  days  in  March,  and  the  last  within  forty-seven 
days  after  their  having  been  frozen.  It  would  thus  seem  that  freezing  is  fatal  to 
these  eggs,  either  immediately  or  after  a  varying  period,  and  that  ova  once 
embedded  in  a  block  of  ice  cannot  be  expected  to  survive.  Consequently  a  very 
severe  frost  may  prove  to  be  most  destructive  to  salmonoid  eggs,  should  the  water 
in  the  redds  be  frozen.* 

The  depth  of  water  at  which  these  eggs  may  be  incubated  is  also  important, 
for  when  redds  are  disturbed  the  contained  ova  must  be  washed  away  down  stream, 
and  should  they  not  be  consumed  by  their  enemies,  more  especially  voracious 
fishes,  it  has  been  surmised  they  perish,  due  to  the  depth  into  which  they  have 
been  carried.  In  some  experiments  which  were  triedf  it  appeared  that  trout  eggs 
may  be  incubated  in  still  water,  changed  daily,  at  least  as  deep  as  26  inches,  the 
greatest  depth  at  which  such  was  attempted. 

Deposits  of  various  kinds,  some  noxious,  others  merely  acting  mechanically  on 
the  egg  by  smothering  it,  and  thus  causing  its  death  by  the  process  of  preventing 
the  due  aeration  of  the  contained  embyro,  may  be  occasioned  in  various  ways. 
These  sediments,  if  excessive,  may  be  immediately  fatal  to  the  embyro  or  to  the 
young  fish,  causing  their  destruction  by  suffocation,  or  such  may  be  deferred 
owing  to  its  being  incomplete.  Consequent  upon  certain  legal  questions  involving 
the  inquiry  whether  peaty  water  could  do  injury  to  trout  eggs,  a  series  of 
experiments  were  undertaken  at  Cheltenham,  and  from  which  it  appeared  that 
only  about  50  per  cent,  of  the  eggs  were  fertile  in  peaty  water,  while  96  per  cent, 
hatched  in  water  wherein  there  was  no  peaty  solution  :  also  that  spates  of  peaty 
water  are  more  fatal  to  these  eggs  than  their  being  continuously  in  a  peaty 
solution :  while  the  effect  of  the  sediment  is  to  arrest  development,  especially  in 
the  head,  and  inci"ease  the  size  of  the  eye. J 

*  December  28th,  1885,  twenty  trout  eggs  were  taken  from  a  hatching- tray  and  placed  in  an 
artificial  redd  constructed  of  fine  pebbles,  which  had  been  previously  boiled  for  some  time ;  and 
for  periods  from  four  to  six  hours  daily,  until  February  25th,  this  redd  was  kept  uncovered  by 
water.  On  March  27th  the  two  first  eggs  hatched  on  the  same  date  as  those  in  the  trays  wherein 
a  constant  supply  of  water  had  been  kept  maintained. 

t  On  December  24th,  1885,  a  paraffin  cask,  which  had  been  well  charred  inside,  and  subse- 
quently kept  filled  with  water  for  a  month,  was  placed  in  the  hatching-house  at  Cheltenham. 
For  the  purpose  of  the  following  experiment  a  blacksmith  made  an  iron  rod  34i  inches  long,  and 
half  an  inch  in  diameter,  with  cross  bars  every  six  inches  projecting  three  inches  on  either  side. 
Three  small  trays  of  perforated  zinc  were  securely  fixed  to  these  cross  bars,  the  upper  being  two 
inches  below  the  surface  of  the  water,  the  next  fourteen  inches,  and  the  lowest  2G  inches.  The 
water  in  the  cask  was  changed  daily  until  February  22nd,  or  for  about  seventy  days,  when  the 
zinc  trays  were  transferred  to  a  hatching-tray.  In  the  eggs  from  the  upper  tray  the  first  hatched 
IVIarch  24th,  two  on  the  25th,  and  two  on  the  26th,  while  two  died.  Of  those  from  the  middle 
tray  the  first  hatched  March  23rd,  the  second  on  the  24th,  the  two  others  died.  Of  those  on  the 
lowest  tray,  or  26  inches  below  the  surface,  one  hatched  March  25th,  three  on  the  25th,  one  on 
26th,  and  one  died. 

J  Having  obtained  some  moist  turf  or  peat  cut  from  the  vicinity  of  Earls  Burn,  near  Howietoun, 
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Trvespectivo  of  scdiiueiits  occasioning-  cU'struction  to  the  ej^gs,  and  concernint^ 
Avliic'h  tlio  foregoing  shows  the  general  cause,  there  are  ])()llution.s  more  or  less 
poisoning  the  water,  and  which  if  sufliciently  potent  of  course  destroy  tlio 
vitality  of  the  eggs,  or  perhaps  occasion  the  young  to  be  a  sickly  race.  Some 
pollutions,  however,  may  bo  present  which  do  not  act  in  so  dix'ect  a  manner,  such 
as  parathn.  Doubtless  this  product  of  wood-oil  or  tar-oil  stearin,  when  in  a  pure 
state,  is  inodorous,  tasteless,  and  insoluble  in  water;  but  in  its  commercial 
condition,  as  nsed  in  lamps  and  employed  in  the  following  experiments,*  its 
odom'  was  pretty  strong.  It  would,  however,  seem  that  in  a  strong  flow  of  water, 
especially  when  of  moderate  depth,  this  oil  floats  away  without  being  immediately 
fatal,  although  very  injurious,  to  incubating  salmonoid  eggs :  while  I  have 
known  it  accidentally  tried  on  a  large  scale  where  a  good  current  of  water  was 
present,  but  the  ova  hatched  fairly  well,  it  being  only  when  the  flow  became 
weak  that  the  eggs  appeared  to  suffer. 

Although  in  fish-culture  a  good  and  sufficient  stream  of  water  is  considered 
highly  desirable,  and  that  the  depth  above  salmonoid  eggs  should  be  at  least  from 
one  to  one  and  a  quarter  inches,  such  is  not  indispensable  for  incubation,  as  they 
may  be  hatched  in  w^ater  in  which  there  is  but  a  slight  current,  as  well  as  in  that 
which  is  only  occasionally  changed,  or  even  in  damp  moss,  and  this  brings  one 
directly  to  the  question  of  what  are  the  changes  occurring  that  enable  the  impreg- 
nated egg  to  exist  ?  Two  theories  have  been  held,  the  first  by  Vogt,  that  aerated 
water  obtains  access  through  the  shell  of  the  egg  to  the  embryo,  when  the  carbon 
conjoins  with  the  oxygen  of  the  contained  air  and  passes  off  as  carbonic  acid  gas. 
The  second  theory  is  that  the  oxygen  gas  alone  obtains  access  through  the  shell 
of  the  egg,  and  then  conjoins  with  the  carbon.  AVhichever  is  the  correct  theory, 
it  is  evident  that  the  excretion  of  carbon  must  take  place,  or  the  embryo  will 
die.  Likewise  that,  even  if  carbonic  acid  is  given  off,  it  must  not  remain  in  the 
vicinity  of  the  ovum,  which  its  presence  would  poison.     It  has  been  pointed  out 

7^  lb.  were  placed  in  large  masses  in  18^  gallons  of  water,  which  was  filled  up  twice  or  thrice 
daily.  The  water  was  led  from  this  in  the  usual  manner  to  a  hatching-tray,  where  on  December 
15th,  1885,  230  eggs  were  placed,  from  these  some  were  from  time  to  time  removed,  but  91  were 
treated  continuously  in  this  manner  until  February  22nd,  or  for  sixty-nine  days,  when  they  were 
transferred  to  clean  water,  and  commenced  hatching  on  March  27th,  at  the  same  time  as  the 
eggs  which  had  been  thus  treated  from  the  first.  Of  the  foregoing  91  eggs  45  were  hatched,  the 
young  being  rather  smaller  and  thinner  than  those  entirely  incubated  in  fresh  water.  Possibly 
one  reason  they  were  not  suffocated  was  that  every  now  and  then  the  eggs  were  washed  by 
means  of  a  watering-can,  a  process  which  otherwise  was  doubtless  destructive  to  some  or  injurious 
to  others  {sec  Hog-backed  trout).  The  amount  of  peat  remaining  in  the  reservoir  on  February 
22nd  was  1\  lb.,  consequently  5|  lb.  had  passed  over  the  eggs,  or  been  lost  in  the  amount  of 
3830  gallons  of  water  which  was  consumed.  The  experiment  was  varied  to  see  whether  spates  of 
l^eaty  water  would  or  would  not  have  the  same  influence  on  the  eggs  as  a  continuous  flow  of  it. 
On  December  30th,  some  of  the  above  ova  were  transferred  to  a  hatching-tray  supplied  by  clean 
water,  which  would  have  been  equivalent  to  their  having  been  subjected  to  the  spate  of  fifteen 
days'  duration  in  a  peaty  stream.  Having  been  there  22  days  I  took  some  to  my  friend 
Mr.  E.  Wethered,  who  most  kindly  photographed  them  when  under  the  microscope,  as  well  as  others 
kept  all  the  time  in  fresh  water,  or  in  a  peaty  solution.  The  difference  between  these  embryos 
was  very  apparent.  Those  treated  from  the  first  in  fresh  water  were  normal ;  such  as  had 
experienced  the  fifteen  days'  spate  of  peat  water  were  soft  and  badly  developed,  so  that  it  was  with 
the  greatest  difficulty  that  any  photograph  of  them  could  be  obtained ;  while  the  embryos  kept  con- 
tinuously  in  peaty  water  could  not  be  taken  at  all,  they  almost  seemed  to  melt  away.  On  March 
18th,  successful  photographs  were  made  of  embryos  in  those  developed  in  fresh  water,  the 
interspace  between  the  eyes  equalled  the  horizontal  diameter  of  that  organ,  whereas  such  as  had 
been  exposed  to  a  fifteen  days'  spate  had  large  eyes,  and  the  distance  between  them  only  eciualled 
one-third  of  their  horizontal  diameter,  showing  badly  developed  heads  and  extraordinary  large  eyes, 
and  although  in  these  last  the  embryos  lived  nearly  to  the  period  for  hatching,  none  were 
sufficiently  robust  to  emerge  from  their  shells,  for  although  some  came  out  partially,  none  did 
entirely ;  they  died  in  the  process. 

*  January  13th,  1886,  at  Cheltenham,  a  bucket  was  fitted  with  a  wooden  tap,  near  its  bottom, 
and  then  filled  with  spring  water,  into  which  12  drops  of  paraffin  were  added  to  each  quart,  and 
15  trout  eggs  were  placed  in  a  small  hatching-tray,  into  which  the  water  from  the  bucket  slowly 
dropped.  On  the  16th  they  were  removed  to  clean  water,  but  none  lived  to  hatch.  This  was 
repeated  several  times,  and  the  average  number  of  eggs  that  hatched  was  one  in  ten.  The  final 
experiment  was  made  on  Feb.  3rd,  and  continued  until  the  11th;  ten  eggs  were  employed,  and 
the  paraffin  was  gradually  augmented  up  to  22  drops  to  every  quart  of  water.  One  egg  died 
March  27th,  one  hatched  March  28th,  but  the  remainder  died. 
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that  shortly  after  extrusion  from  the  parent  some  eggs  at  once  largely  increase 
in  size  by  the  direct  imbibition  of  water,  but  this  does  not  prove  that  there  is  a 
constant  current  through  the  shell,  while  the  following  experiments  distinctly 
show  that  such  could  not  invariably  be  the  case.  Eggs,  it  is  well  known, 
are  sent  long  distances,  as  to  the  Antipodes,  in  moss,*  and,  if  necessary,  kept 
cool  by  means  of  ice  ;  in  such  cases  sufficient  damjDuess  is  present  to  enable 
imbibition  to  occur  through  the  egg-shell,  but  there  is  water  whereby  a  current 
could  be  kept  ap,  yet  the  embryo  develops,  thus  clearly  demonstrating  that 
moisture  without  immersion  is  sufficient  for  incubation,  provided  the  eggs  are 
kept  cold,  dark,  and  damp.  In  such  cases  oxygen  or  gas  alone  could  be  absorbed, 
while  the  presence  of  moss  would  assist  in  carrying  off  excreted  carbonic  acid. 
Should  the  egg  be  placed  on  a  piece  of  glass  or  other  smooth  substance,  and 
kept  moist,  it  soon  dies,  the  water  which  attaches  it  by  its  base  to  the  glass 
probably  becomes  charged  with  the  excreted  carbonic  acid,  which,  reacting  on  the 
embryo,  is  as  a  poison  to  it. 

In  order  to  ascertain  whether  this  absorption  of  oxygen  occurs  solely  at  the 
micropyle,  or  throughout  the  general  surface  of  the  egg-shell, f  the  shells  of  two 
trout  eggs  were  emptied  of  their  contents,  and  the  j^ortion  where  the  micropylej 
is  situated  was  removed,  and  in  each  instance  a  solution  of  picrocarmine  ^mssed 
through  the  shell  showing  its  permeability. 

Salmonoid  eggs  may  even  be  successfully  incubated  in  water  that  is  not 
flowing,  thus — on  December  I5th,  1885,  ten  trout  eggs  were  placed  in  a  tumbler 
wherein  the  water  was  changed  daily ;  one  died,  the  remainder  hatched  between 
March  25th  and  28th.  On  February  4th,  one  egg  was  similarly  treated,  except 
that  the  water  was  changed  on  alternate  days — it  hatched  on  Mai'ch  26th. 
On  February  12th,  six  more  trout  eggs  were  placed  in  a  tumber  in  which  the 
water  was  renewed  every  third  day,  and  all  hatched  between  March  27th  and 
April  6th. 

The  influence  of  light  upon  the  eggs  of  Salmonida)  has  a  decidedly  deleterious 
effect ;  while  during  incubation  the  embryo,  as  a  rule,  appears  to  lie  with  its 
eyes  uppermost.  Should  an  excess  of  light  be  allowed,  the  contained  young 
seems  to  be  badly  developed,  and  has  small  and  dark  eyes ;  while  any  alevins  that 
are  hatched  are,  as  a  rule,  weakly.  It  may  be  for  this  reason  that  redds  are 
constructed,  in  order  to  keep  the  eggs  in  the  dark,  or  it  may  be  also  for  the 
purpose  of  preventing  movement  in  their  earlier  stages. 

The  dangers  of  transporting  salmonoid  eggs,  except  at  certain  periods  and 
under  exceptional  conditions,  have  already  been  alluded  to  (pp.  31,  32  ante),  and 
here  the  effects  of  injuries  or  shocks  which  ova  can  sustain  and  yet  survive  have 
to  be  considered.     Slight  shocks  may  be  reasonably  anticipated  to  frequently 

*  Feb.  27tli,  1886,  I  was  shown  at  Howietoun  some  hundreds  of  eggs  of  the  Lochleven  trout, 
and  a  few  of  the  salmon,  the  former  of  which  had  been  taken  from  the  fish  on  December  19th, 
when  tliey  were  jjlaced  in  a  hatching-tray.  On  January  2'2nd  they  were  removed  to  damp  moss, 
on  which  a  httle  ice  was  laid,  and  had  been  subsequently  kej^t  in  a  room  in  which  the  tempera- 
ture only  varied  between  40°  and  41°  Fahr.  I  took  the  box  of  eggs  as  they  were  to  Cheltenham, 
and  on  March  2nd  placed  a  few  in  a  hatching-tray,  leaving  the  remainder  in  the  moss.  Those  in 
the  trays  commenced  hatching  on  March  2Gth,  on  the  lOGtli  day,  when  ten  came  out ;  and  two 
days  subsequently,  on  looking  at  the  eggs  which  had  been  left  in  the  moss,  in  which  the  temi^era- 
ture  stood  at  55°  Fahr.,  one  was  found  hatched,  twelve  dead,  so  the  rest  of  the  ova  were  placed  in 
a  hatching-tray,  and  came  out  in  due  course,  whether  of  salmon  or  trout.  Some  of  the  foregoing 
eggs  were  removed  from  the  damp  moss  on  March  9th,  and  placed  in  tumblers  of  water  in  a 
warm  room,  and  commenced  hatching  on  the  16th,  or  96th  day.  (For  a  detailed  account  see 
The  Field,  May  8th,  1886.) 

t  Respecting  whether  the  air  in  solution  in  the  water  is  or  is  not  conveyed  directly  to  within 
the  ovum  contlicting  opinions  have  been  held.  Dr.  John  Davy  {P]nj.-<iolo<jical  Benearclies) 
questioned  if  the  shell  of  the  egg  among  the  Salmonidro,  when  in  a  sound  state,  before  jDutrefac- 
tion  had  commenced,  could  be  pervious  to  water,  as  asserted  by  Vogt ;  but  both  agreed  that  the 
death  of  the  impregnated  ovum  or  embryo  is  clearly  demonstrated  by  the  coagulation  of  the  yelk 
from  penetration  into  its  substance. 

J  To  see  whether,  after  death,  water  obtains  access  to  the  interior  of  the  egg  through  the 
micropyle,  the  experiment  was  tried  of  placing  ova  in  water  just  sufficient  to  cover  them 
two-thirds  up  their  sides,  leaving  the  micropyle  dry,  but  the  changes  were  similar  to  those  in 
other  eggs  in  which  the  micropyle  was  submerged. 
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occur  to  fish  Ofgs,  althougli  deposited  under  favour;il)lo  conditions,  when  floods 
or  other  causes  might  disturb  the  redds ;  while  even  the  artificial  fish-culturist  is 
sometimes  compelled  to  remove  ova  from  one  tray  to  another,  to  Avash  them  when 
covered  with  mud  or  other  sediment,  or  even  to  send  them  to  distant  places. 
Sometimes  the  deposit  on  the  eggs  is  so  great  that  were  it  not  removed  the 
embr^'os  would  be  suffocated  ;  and  the  consequence  of  di-aining  the  trays  and 
cleansing  the  ova,  by  means  of  a  watering  pot,*  is  different  in  accordance  with  tho 
period  of  incubation  at  which  it  takes  place.  The  capacity  for  receiving  slight 
shocks  with  a  considerable  amount  of  impunity,  ceases  after  about  the  first  twenty- 
four  or  forty- eight  hours  subsequent  to  extrusion  from  the  fish,  and  docs  not 
return  until  at  least  one-third  of  tho  period  of  incubation  has  been  completed, 
and  even  then  some  slight  injury  may  bo  occasioned. 

Experimcntsf  were  undertaken  in  order  to  ascertain  the  effects  of  direct 
concussion  on  these  eggs,  which  influences  w^ould  be  identical  with  what  they 
must  experience  if  carried  over  rapids  or  steep  inclines.  They  Avere  either  placed 
in  a  bottle  of  water  and  dropped  from  various  heights,  or  direct  into  water,  when 
it  was  found  that  in  those  in  which  this  was  tried  within  twenty-two  days  after 
having  been  obtained  from  the  fish,  none  lived  over  eight  or  nine  days.  But  in 
eggs  dropped  from  even  a  greater  height,  after  they  had  incubated  forty-seven 
days,  some  lived  to  hatch,  demonstrating  what  a  much  larger  amount  of  motion 
and  concussion  eyed  ova  will  bear  than  eggs  in  their  earlier  stage. 

Among  the  various  experiments  of  shocks  and  concussions  made  during  the 
first  days  of  incubation  no  single  monstrosity  was  observed :  neither  were  any 
hatched  from  the  eggs  which  had  been  subject  to  frost  and  cold,  which  will  again 
have  to  be  referred  to. 

It  is  now  about  thirty  years  since  Dr.  John  Davy  experimented  upon  the 
fertilized  eggs  of  these  fishes, J  with  reference  to  their  capabilities  for  diffusion, 
and  w^hat  adverse  circumstances  they  might  be  subjected  to,  but  retain  their 
vitality.  Living  and  incubating,  as  I  have  shown  they  are  able  to  do  without 
immersion  in  water  (see  page  35),  they  might  be  conveyed  from  one  piece  of  water 
to  another  adhering  to  the  feathers  or  feet  of  birds,  or  the  fur  of  mammals,  eveii 
fi.sh  which  have  swallowed  impregnated  eggs  might  be  the  vehicle  for  their 
conveyance  when  carried  off  by  rapacious  birds. 

*  January  5th.  188G,  trout  eggs  in  tray  No.  2,  at  Cheltenham,  containing  about  2500,  were 
transferred  to  another  tray,  and  by  3  p.m.  24  were  dead,  while  the  average  number  of  deaths  up  to 
this  period  had  been  one  daily;  now  the  pick  rose  to  31,  2,  7,  7,  2,  and  then  the  raortahty 
reverted  to  what  it  had  previously  been.  The  eggs  in  trays  Nos.  1  and  3,  placed  under  the  same 
conditions,  showed  no  increase  in  the  daily  average  of  deaths,  consequently  the  above  experiment 
may  be  adduced  as  an  example  of  the  effect  of  slight  shocks  in  the  very  early  (not  earhest) 
condition  of  embryonic  life.  January  18th,  the  eggs  in  tray  No,  1,  likewise  containing  about  2500, 
were  similarly  changed,  but  the  deaths  were  scarcely  increased  thereby,  as  only  five  were  picked 
out  during  that  and  the  succeeding  13  days,  whereas  2G  had  been  removed  during  the  previous 
36  days.  February  5th,  the  eggs  in  the  trays  where  they  were  treated  by  a  solution  of  peat,  were 
washed  without  any  deaths  resulting.  February  21st,  the  eggs  in  tray  No.  2  were  again  washed, 
and  soon  five  opaque  ones  were  seen,  but  no  such  mortality  took  place  in  the  other  trays.  February 
23rd,  eggs  in  tray  No.  1  were  washed :  for  the  preceding  ten  days  only  two  had  died,  and  during  the 
next  six  days  they  occurred  as  follows,  2,  5,  0,  1,  1,  1. 

t  January  2nd,  1886,  at  10-45  a.m.,  a  trout  egg,  on  the  22nd  day  of  incubation,  was  dropped 
from  a  height  of  2  ft.  into  the  water,  and  by  12  a.m.  it  was  dead  and  opaque  ;  a  second  was 
similarly  dropped  on  to  a  board,  it  also  was  dead  by  1  p.m.  Next,  five  eggs  were  dropped  from  the 
same  height  into  the  water  and  subsequently  returned  to  a  hatching-tray  :  the  first  died  on 
January  12th,  and  the  remainder  by  March  8th.  On  December  30th,  1885,  at  1-25  p.m.,  ten  eggs 
were  taken  from  tray  No.  2  and  placed  in  a  quart  brandy  bottle  which,  when  empty,  weighed  a 
little  over  1*  lb.,  but  when  full  of  water  and  corked,  3  lb.  3  oz.  Thus  filled  it  was  dropped  from 
a  height  of  2  ft.  on  to  the  grass,  and  by  January  1st,  2  were  dead,  2  died  in  February,  and  the 
remainder  by  March  7th.  On  January  27th,  eight  eggs,  on  the  47th  day  of  incubation,  were 
placed  in  a  bottle  similar  to  the  foregoing,  and  dropped  4^  ft.  :  one  died  the  same  day,  one  on 
the  15th,  3  hatched  on  the  25th  or  26th,  and  the  remainder  succumbed. 

X  Dr.  Davy  in  his  experiments  upon  salmon  eggs  ascertained  that  when  exposed  to  dry  air  at 
the  ordinary  temperature  they  rapidly  died  ;  that  their  vitality  was  as  well  preserved  in  moist 
air  as  in  water,  while  ova  placed  in  ice  were  not  affected  unless  lowered  many  degrees  below  the 
freezing-point.  If  the  water  in  which  the  eggs  were,  became  heated  to  80°  or  82"  Fah.,  they 
could  stand  it  with  impunity  for  a  moderate  period,  but  8F  or  85°  was  fatal. 
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Packing  the  eggs  of  tliese  fishes  for  the  purpose  of  sending  them  long 
distances,  as  to  the  Antipodes,  must  be  adverted  to  in  order  to  give  a  connected 
history  of  vphat  has  been  accomplished  in  this  country  respecting  the  Salmonidse, 
for  various  plans  have  found  favour  for  conveying  these  ova  from  place 
to  place  in  Europe,  and  also  for  transporting  them  long  distances  across  the 
sea.*  In  1862,  Mr.  Youl's  discovery  that  the  French  mode  of  conveying 
salmonoid  eggs  in  moss  could  be  adapted  to  sending  them  in  safety  even  through 
tropical  heat,  was  a  great  advance.  Some  eggs  will  almost  invariably  die  when 
travelling  far,  however  well  they  may  be  packed,  although  the  safest  time  is  to 
transmit  them  during  the  eyed  stage  ;  still  they  have  been  conveyed  earlier.  The 
main  principle  is  to  employ  thin  layers  of  well-picked  and  pressed  moss  in  trays 
with  perforated  bottoms,t   the  eggs  being  separated  from  the  moss  by  muslin, 

*  Ephemera,  writing  in  BeWs  Life  (December  11th,  1853),  observed  "  Earl  Grey  did,  and  the 
Duke  of  Newcastle  does,  favour  and  sujDport  an  attempt  to  transfer  sahnon  to  the  rivers  in  Van 
Diemen's  Land  by  artificial  means,  under  the  direction  of  Mr.  Gottlieb  Boccius.  One  attempt 
has  failed,  Mr.  Boccius  says,  tlirougli  the  retention,  beyond  the  day  fixed  for  saihng,  by  more 
than  a  month  at  Plymouth,  of  the  shiia,  on  board  of  which  impregnated  salmon  ova  were  placed 
in  tanks  prepared  with  due  care.  This  is  not  to  occur  in  a  second  attempt  about  to  be  made 
shortly."  In  the  year  1851  the  attention  of  Mr.  Youl  was  first  directed  to  this  subject,  and  he 
concluded  that  the  fry  or  ova  alone  could  be  successfully  conveyed  through  the  tropics,  but  for  which 
the  assistance  of  iced  water  would  be  indispensable.  On  February  25th,  1860,  about  35,000  salmon 
ova  were  shijiped  in  the  "  Curling  "  at  Liverpool  for  Melbourne.  They  were  in  a  swing-tray, 
through  which  a  stream  of  water  flowed  from  a  tank  on  deck,  the  connection  being  by  small  tin 
pipes  placed  inside  and  around  an  ice-house  which  contained  upwards  of  fifteen  tons  of  ice.  On 
the  sixty-fifth  day  the  ice  had  become  exhausted,  the  temperature  of  the  water  suddenly  rose 
to  71°,  and  the  last  of  the  ova  died.  On  March  4th,  186"2,  a  second  venture  was  made  in  the 
"  Beautiful  Star,"  packed  as  follows : — A  wooden  tin-lined  tank,  holding  two  hundred  gallons  of 
water,  was  built  on  deck  and  surrounded  by  a  casing  of  charcoal.  Directly  under  it  was  the 
ice-house  constructed  to  carry  twenty-five  tons  of  ice,  at  the  bottom  of  which  was  a  flat  iron  tank 
holding  one  hundred  gallons,  connected  to  the  upper  tank  by  an  iron  pipe  which  passed  nearly  through 
the  centre  of  the  ice-house.  The  cooled  water  was  conducted  by  iron  pipes  to  the  vivarium  where 
the  ova  were  placed  on  two  sets  of  swing-trays  with  gravel,  and  the  stream  which  flowed  out 
of  the  vivarium,  ran  into  a  receiving  tank,  from  which  it  was  pumped  back  to  the  large  wooden 
tin-lined  tank.  All  the  pijjes  were  regulated  by  stop-cocks  attached  to  flexible  gutta-percha 
piping  at  their  extremities,  and  from  five  hundred  to  two  thousand  gallons  could  be  passed  through 
at  discretion  during  twenty-four  hours.  It  was  in  this  vessel  Mr.  Youl  first  turned  to  account  the 
mode  of  packing  fish  ova  which  was  then  in  use.  Having  seen  in  Paris  moss  employed  for  this 
purpose,  and  in  which  they  successfully  travelled  short  distances,  at  least  after  their  eyes  had 
become  developed,  he  packed  some  similarly  in  a  wooden  box  made  of  inch  pine  and  having  its 
sides  perforated  ;  this  he  deposited  in  the  centre  of  the  ice-house.  On  May  l8th  the  ice  was  very 
low,  the  box  came  to  light,  and  in  it  were  nineteen  living  ova  ;  nine  days  subsequently  the  ice 
was  exhausted,  and  although  the  ova  perished,  the  method  of  successfully  conveying  them 
through  the  tropics  had  been  solved. 

f  The  following  is  the  plan  as  employed  at  Howietoun,  taken  from  the  Hportinrj  and  Dramatic 
News  ;— "  The  packing  is  managed  so  as  to  subject  the  eggs  to  as  little  handling  as  possible.  A 
large  sink  stands  at  the  foot  of  the  staircase  of  the  principal  hatching-house,  a  lead  basin  is 
l^laced  at  one  end,  and  a  box  a  little  larger  than  a  grille  is  floated  in  this  sink,  partly  resting  on 
the  edge  of  the  basin.  One  end  of  the  box  is  open,  and  water  rises  through  it  to  a  depth  of  three 
inches.  So  soon  as  the  embryo  in  the  salmon  ova  is  sufficiently  formed  to  show  as  a  thick  white 
line,  the  ova  may  be  moved  with  impunity,  the  grilles  are  lifted  out  of  the  boxes,  and  reversed, 
one  by  one,  into  the  wooden  trough.  After  50,000  eggs  have  been  thrown  off,  a  waste  valve  is 
opened,  and  the  water  draws  all  the  eggs  into  the  lead  basin. 

"  They  are  then  scooj^ed  with  a  glass  measure  into  frames  covered  with  coarse  peach  netting, 
an  undulating  motion  is  given  to  the  floating  frame,  and  the  eggs  spread  as  if  by  magic  one  into 
each  mesh.  A  thin  square  of  felted  or  conijDressed  moss  is  laid  over  the  frame,  and  a  small  piece 
of  muslin  over  the  moss.  A  frame  covered  with  some  soft  material  is  placed  over  the  muslin,  and 
the  whole  reversed.  When  the  first  frame  is  removed  the  eggs  are  seen  beautifully  arranged  on 
the  moss  in  rows  corresponding  to  the  meshes  of  the  net.  The  muslin  is  then  lifted  into  the 
travelling  tray,  and  a  second  square  of  moss  gently  laid  over  the  eggs.  Each  travelling  tray  holds 
three  layers,  and  six  are  usually  placed  in  a  box.  It  requires  two  hours  to  pack  100,000  eggs  for 
New  Zealand.  For  shorter  journeys  eggs  are  thrown  off  the  frames  on  to  swan's  down,  which 
takes  little  more  than  half  the  time,  and  greatly  facilitates  the  unpacking  at  the  end  of  the 
journey."  Livingstone-Stone  {Domesticated  Trout,  p.  147)  observed  that  "  the  usual  way  in 
i:)ractice  to  pack  trout  eggs  for  transportation  in  small  quantities  is  in  circular  tin  boxes,  with 
perforated  ends,  not  over  three  or  four  inches  in  depth,  and  one  six  inches  in  diameter  is  supposed 
to  be  able  to  hold  about  5000  eggs.  These  boxes  are  packed  in  a  tin  pail  of  somewhat  larger 
circumference,  and  the  interspace  between  the  two  is  filled  in  with  sawdust.  For  packing,  he 
advised  as  follows  : — Fill  a  large  pan,  a  little  deeper  than  the  packing  box,  with  water.     Make  a 
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mosquito-nettitig,  swan's  down  calico  or  butter  cloth,  and  that  each  tray  contains 
two  or  three  layers.  These  trays,  the  lowest  being  empty  to  receive  the  drip,  are 
then  piled  inside  a  larger  outer  case  with  sawdust  Hlling  up  the  interspace 
between  the  two  cases,  which  prevents  any  sudden  change  of  temperature,  and 
subsequently  the  whole  can  be  placed  inside  an  ice-house  or  a  cold  current 
of  damp  air  may  be  kept  constantly  passing  through  the  trays  which  retards  the 
luitching  of  the  eggs.*  When  the  eggs  arc  going  to  bo  unpacked,  the  bull)  of  a 
thermometer  should  bo  inserted  into  the  middle  of  the  package,  and  should  it  bo 
within  6*^  Fahr.  of  the  water  in  the  incubating  trays  they  may  be  transferred  at 
once :  if  not,  this  may  be  gradually  altered  by  adding  water.  Eggs  are  not 
injured  by  exposure  to  air,  provided  it  is  not  for  too  long  a  period,  and  that  they 
do  not  become  warm,  dry,  freeze,  or  be  subjected  to  great  vicissitudes  of 
temperature. 

Artificial  redds  may  be  constructed  in  suitable  spots  near  to  the  ground  most 
adapted  for  young  fry,  and  where  the  water  is  shallow  and  with  a  slight  ripple 
and  of  a  proper  temperature.  Here  eyed-ova  may  be  deposited,  being  careful  that 
the  localities  shall  be  w^here  floods  and  discoloured  water  do  not  injure  the  eggs 
or  the  alevins  when  hatched.  .      ^ 

Reverting  to  the  period  when  the  young  are  hatched  as  "alevms  to 
commence  their  new  mode  of  existence  in  a  world  of  waters,  we  see  a  large  bag, 
the  yelk-  or  umbilical-sac,  dependant  from  their  under  surface  a  little  behind  the 
gill-opening,  and  which  contains  the  nourishment  whereon  they  have  almost  wholly 
to  subsist  tor  a  period  varying  from  three  weeks  to  three  months  in  accordance 
with  the  temperature  of  the  water  and  some  other  disturbing  causes.  During  this  or 
the  alevin  time,  they  are  not  difficult  to  keep  alive,  provided  they  have  a  fair  amount 
of  care  combined  with  a  sufficiency  of  pure  water :  of  this  last  some  are  m  favour 
of  its  being  shallow  with  a  strong  ripple,  while  others  prefer  it  to  be  deeper  by  one 
or  two  inches  than  what  was  employed  for  the  incubation  of  the  eggs,  and  with  a 
slow  current ;  while  in  rivers  and  streams  they  remain  in  shallows  at  this  period, 
localities  where  they  are  moderately  safe  from  their  larger  enemies.  When  in 
hatching  or  rearing-trays  they  seek  dark  places  in  which  to  hide,  they  get  into 
every  crevice  and  push  into  any  hole  which  they  can  find,  consequently  numerous 
precautions  have  to  be  adopted  to  prevent  them  obtaining  access  to  where  their 
existence  would  be  cut  short.  Likewise  the  fish-culturist  has  to  be  careful  that 
every  screen  is  in  working  order,  and  that  the  fish  are  not  too  crowded. 

During  the  first  few  days  of  their  existence  alevins  incessantly  employ  their 
pectoral  fins,  in  order  to  promote  a  current,  which  not  only  assists  respiration, 
but  carries  away  from  their  vicinity  any  deleterious  substances  which  may  be 
floating  about.  Even  subsequent  to  this  period,  should  the  water  from  any  cause 
be  insufficiently  aerated  they  again  use  these  fins  for  the  purpose  t  of  assisting 

bed  of  moss,  about  half-an-inch  deep,  on  the  bottom  of  the  box,  and  sink  the  box  in  the  pan  of 
water.  The  bottom  layer  shoukl  be  a  single  bunch  of  some  kind  of  the  tiner  common  mosses, 
while  the  subsequent  layers  should  be  the  damp  rank  moss  which  grows  in  the  swamps,  and  is 
known  by  the  name  of  sphagnum."  They  may  also  be  packed  in  baskets.  Packing  is  usually 
done  under  water,  by  which  means  eggs  are  more  readily  spread ;  but  they  can  be  exposed  in  air, 
so  long  as  it  is  damp  and  moist  and  the  room  dark,  for  some  hours  without  doing  them  any 

''^^'^*  The  hatching  of  salmon  eggs  was  retarded,  in  the  vaults  of  the  Wenham  Lake  Ice  Company, 
in  1865,  until  the  144th  day,  and  at  the  Crystal  Palace  until  the  148th  day.  Ihe  limes  observed 
(January,  1884),  that  the  eggs  sent  to  New  Zealand  by  Sir  James  Maitland  were  packed  on  an 
entirely  new  principle  in  order  to  keep  down  the  temperature.  It  is  a  modihcation  of  Haslam  s 
refriserating  machinery,  and  by  an  ingenious  contrivance,  the  air  is  kept  at  a  steady  temperature 
of  30°  to  34°,  low  enough  to  retard  the  development  of  the  eggs  without  freezing  them,  whi  e  it  is 
also  so  saturated  with  moisture,  that  a  piece  of  dry  flannel  being  hung  up  in  the  chamber  in 
which  the  eggs  are  deposited,  becomes  quite  damp  in  the  course  of  a  few  hours.  Ihe  air,  reclucea 
to  this  condition,  is  driven  into  the  chamber  and  expelled  again  on  the  other  side  at  regular  stated 
intervals  of  time,  so  that  all  possibility  of  "  mouldiness  "  and  of  too  great  saturation  is  prevented 
on  the  one  hand,  and  of  too  dry  cold  or  too  great  heat  on  the  other.  They  arrived  at  then- 
destination  in  excellent  condition.  ^  x  j  u  u„;i  „«o<.„-i  „c,-,,., 
t  At  Cheltenham  on  March  14th,  1885,  the  alevin  of  trout  now  twenty  days  old,  had  ceased  using 
their  pectoral  fins  for  aiding  breathing,  but  as  soon  as  the  water  supply  was  reduced  they  agam 
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respiration*;  while  in  some  instances  tlie  gill-covers  are  abnormally  small,  leaving 
a  portion  of  the  gills  uncovered  and  consequently  immersed  in  the  sui-rounding 
water,  but  more  usually  this  seems  to  be  the  result  of  deficiency  of  development 
or  even  of  disease  as  gill-fever. 

Although  alevins  are  able  to  subsist  on  the  contents  of  their  yelk-sac,  so  long- 
as  it  lasts,  it  is  imperative  when  this  source  of  supply  has  become  exhausted  that 
they  should  obtain  natural  or  artificial  nourishment,  and  now  it  is  that  most  of 
the  monstrosities  succumb,  being  generally  unable  to  consume  food,  having  been 
up  to  this  period  in  the  same  condition  as  chickens  within  their  shells,  prior  to 
being  hatched.  It  is,  however,  very  advisable  to  commence  feeding  alevins  before 
the  yelk-sac  has  become  quite  absorbed,  and  as  soon  as  the  little  fish  appear  to  be 
searching  for  nourishment  themselves  ;  at  this  time  they  seem  to  require  more  air 
and  energetically  push  up  stream.  The  food  should  consist  of  the  finest  particles, 
while  that  which  is  tainted  or  diseased  must  be  avoided  as  absolutely  poisonous  to 
them.  Opinions  differ  as  to  what  is  the  most  suitable  nutriment,  and  difi"erent 
fish-culturists  advocate  various  constituents  as  being  the  best.  Hard-boiled 
eggs  and  fillet  of  horse  are  employed  at  Howietoun,  six  of  the  former,  which  had 
been  boiled  twelve  hours  previously,  to  l  lb.  of  the  latter :  or  nine  eggs  to  1  lb.  of 
fillet,  subsequently  passed  through  pei'forated  zinc  of  ISTo.  8  size,  being  a  diameter 
of  0'25  inch  ;  it  has  a  long  and  stringy  consistence,  and  many  fish  get  hold  of  its 
ends,  as  its  thread-like  bands  are  agitated  in  the  water.  Some  emjiloy  liver  and 
curd  made  from  sour  milk,  in  equal  parts,  or  two  portions  of  the  former  to  one  of 
the  latter,  and  all  reduced  to  the  finest  particles  :  yolk  of  eggs  boiled  for  half  an 
hour,  and  subsequently  finely  powdered  :  boiled  liver  by  itself.  Alevins  will  live 
for  a  long  time  in  water  which  is  unchanged,  and  consequently  can  be  transported 
with  comparative  ease :  they  are  likewise  said  to  bear  cold  well. 

In  some  localities  alevins  are  turned  out  into  a  stream  or  other  suitable  rearing 
pond,  protected  from  their  enemies,  while  should  they  be  put  into  an  unprotected 
piece  of  water  they  fall  victims  to  all  the  vermin  in  the  neighbourhood.f  But 
even  if  it  is  considered  desirable  to  turn  these  alevins  out  such  is  not  always 
practicable,  thus  snow  may  be  still  present  on  the  ground,  and  were  it  to  suddenly 
melt,  floods  injurious  to  these  young  fish  might  be  occasioned. 

When  the  umbilical  sac  has  become  absorbed  these  fish  commence  to  be  known 
as  "  fry,"  and  now  a  period  of  greater  danger  to  the  artificially  reared  ones 
commences.  Looking  more  like  fish,  as  they  are  no  longer  weighted  down  by  the 
large  sac,  they  are  seen  to  collect  less  in  masses,  in  short,  to  lead  more 
separate   existences,    looking   out   for   food.      They  rise   from  the  floor  of   the 

employed  them  for  this  purpose.  Alevins  of  the  trout  0-85  in.  long,  and  also  a  salmon  1-25  in.  long, 
of  about  the  same  age,  were  placed  in  a  tumbler  of  still  water  taken  from  the  tray  where  it  stood 
at  4'2°  Fahr.,  at  11-7  a.m.,  and  which,  on  being  carried  indoors,  rose  by  11-20  a.m.  to  45°.  In 
seven  minutes  the  pectorals  of  the  trout  began  to  be  used  for  accessory  breathing  purposes,  at  the 
rate  of  three  times  to  every  once  of  the  gill-covers  ;  this  went  on  for  fifteen  minutes,  when  the 
fish  was  returned  to  the  tray.  The  salmon  alevin  breathed  faster,  but  did  not  employ  its  pectoral 
fins. 

*  In  1884  some  little  blennies,  mostly  shannies,  Blennius  (jattoruginc,  were  placed  in  a  small 
salt-water  aquarium,  the  contents  of  which  had  been  accidentally  left  unchanged,  and  the  water 
as  a  consequence  had  become  very  foul.  The  little  fish  until  the  water  was  changed  could  be 
seen  emi^loying  the  uj^per  rays  of  their  pectoral  fins  in  order  to  assist  respiration,  for  in  these 
fishes  the  character  of  the  rays  differ,  the  upper  seven  being  shorter,  thinner,  and  more  elastic 
than  the  lower  six,  which  are  thicker  and  stiffer.  Although  the  entire  thirteen  may  be  employed 
simultaneously  during  locomotion,  the  uj^per  ones,  when  the  fish  is  stationary,  may  be  used  to 
assist  breathing,  while  the  lower  stiff  ones  are  employed  to  support.  In  gobies  the  ventral  fin 
under  the  same  conditions  was  observed  to  be  used  in  order  to  attach  the  fish  to  the  aquariurn, 
while  the  outer  pectoral  rays  were  also  placed  against  the  glass,  as  a  person  during  an  asthmatic 
paroxysm  fixes  his  elbows  on  the  table  or  window-sill  while  he  gasps  for  breath.  During  this 
period  the  gill-covers  were  spasmodically  working  at  about  108  times  in  a  minute. 

t  Andrews,  Badminton  Libmrij,  "  Salmon  and  Trout  Culture,"  page  435,  observed  that 
"  most  fishing  clubs  not  being  able  to  provide  suitable  rearing-places  for  their  young  fish  turn 
the  '  fry  '  that  they  produce  or  breed  direct  into  the  rivers,  which  already  contain  trout,  the 
probable  consequence  being  that  91)  out  of  every  100  go  down  the  throats  of  the  larger  fish  .... 
a  few  hundred  yearling  fish  would  cost  far  less  and  make  a  much  better  '  show  '  in  the  water." 
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tray  and  balance  tlicnisclvcs  in  tlic  water,  with  their  heads  directed  up  stream, 
and  are  ready  to  seize  any  suitable  passing,'  object.  Now  it  is  absolutely 
necessary  that  they  should  be  fed,*  commencing  with  one  meal  a  day,  and 
being  careful  that  no  remains  of  food  shall  be  left  to  corrupt  at  the  bottom 
of  the  tray.  Some  believe  that  at  this  period  there  is  more  danger  of  over- 
than  of  under-feeding,  while  others  warn  the  inexperienced  against  the  fry  being 
too  crowded,  as  such  is  very  productive  of  disease.  Care  has  likewise  to  be 
taken  against  their  dividing  themselves  into  two  sets,  and  the  stronger  taking 
forcible  "possession  of  the  best  places,  where  food  is  most  plentiful,  and  driving 
the  weaker  ones  away  to  herd  by  themselves,  generally  to  the  lowcr^  end  of  the 
tray,  and  here  some  may  be  found  lying  dead  against  the  screen.f  Should  they 
subsequently  become  languid,  cease  feeding,  avoid  the  current,  and  commence  to 
die  in  numbers,  such  is  possibly  due  to  decomposition  of  uneaten  food  in  the  trays, 
or  because  the  diet  is  unsuitable ;  and  for  the  first  Livingston-Stone  advises  as  a 
remedy  the  free  application  of  common  earth,  covering  the  bottom  of  the  tray  to 
half-an-inch  or  more.  What  has  already  been  enumerated  as  suitable  food  may 
be  given,  also  microscopic  forms  of  animal  life— as  the  larva)  of  gnats,  Baplinia, 
Cyclops,  &c.,  which  may  be  skimmed  from  the  surfaces  of  ditches  or  obtained 
from  stagnant  pieces  of  water. 

After  a  varying  period,  the  fry,  if  kept  in  the  trays,  will  commence  sprmgmg 
out  of  the  water,  evidently  desirous  of  changing  their  abode,  and  they  can  be 
turned  into  larger  rearing  boxes,  or  transferred  to  suitable  ponds  where  there  is  a 
constant  supply  of  the  purest  water  and  they  arc  protected  from  their  enemies. 
If  crowded  in  this  stage  they  are  subsequently  usually  stunted.  These  rearing 
ponds,  or  boxes,  should  afford  shade  to  the  fry. 

When  turned  into  rearing  ponds  fed  by  a  stream  of  water,  weeds  or  other  forms 
of  shade  should  be  present,  while  such  as  contain  the  natural  food  as  Baphnia, 
Gxjdops,  fresh- water  snails  or  Limncea,  or  fresh- water  shrimps  or  Gammarus  pulex, 
are  best  adapted  for  their  thriving  in.  But  the  locality  may  be  too  cold  or  too  far 
north  for  sufficient  nourishment  to  be  present,  and  then  artificial  feeding^  must 
be  continued. 

The  period  required  in  order  to  prepare  young  trout  for  travelling  varies  from 
three  or  four  days  in  the  case  of  yearlings  to  as  many  weeks  for  larger  examples. 
While  for  stocking  purposes  yearlings§  are  better  than  those  which  are  younger, 
because  they  can  find  their  own  food  which  younger  ones  are  often  unable  to 
accomplish.  No  difficulty  is  now  experienced  in  conveying  these  fish  alive  for  a 
distance  which  does  not  take  more  than  twenty-four  hours  if  the  water  is  iceil,  but 
unless  the  water  into  which  they  are  going  to  be  transferred  is  of  a  similar 
temperature  some  loss  will  probably  arise  from  gill-fever,  and  cold  weather  is  most 
suited  for  their  conveyance.  Aeration  of  the  water  may  be  assisted  by  the  forms 
in  which  some  of  the  transporting  cans  are  now  made,  or  by  the  use  of  an  aerating 
pump  or  other  suitable  contrivance. 

Some  of  the  enemies  or  vermin  which  attack  the  fry  have  already  been  referred 
to  as  inimical  to  the  eggs  (see  p.  28),  for  these  little  fish  are  esteemed  as  delicate 
morsels  by  rats  and  mice,  also  by  birds,  as  swans,  geese,  ducks,  moor-hens,  water- 
ouzels,  and  kingfishers,  while  as  they  get  larger,  sea-gulls  and  terns  join  in  the 
*  A  simple  and  very  effective  feeder  is  employed  at  Howietoun,  consisting  of  a  long  wooden 
handle,  at  the  end  of  which  is  fixed  at  right  angles  the  feeder  which  resembles  a  tumbler  made  of 
perforated  zinc,  into  this  the  food  is  placed,   and  as  it  is  agitated  in  the  water  it  gradually 

escapes.  ■     i  ti 

t  Livingston- Stone  observed  that  "  there  is  no  need  tvhatever  of  this.     If  they  get  against  tlie 

screens  it  is  because  they  are  weak,  and  you  may  know  that  their  weakness  has  come  either  from 

their  being  too  much  crowded,  too  little  fed,  or  from  being  actually  sick  "  (page  174). 

+  Irrespective  of  the  forms  of  food  alluded  to,  Kutfer  has  suggested  for  growing  fish,  meat  or 

fish  being  boiled,  ground  up  and  mixed  in  the  proportion  of  three  parts  of  it  to  one  part  of  flour. 


sheep's  or  calves'  brains  passec  ^ „„ 

sheep's  lungs  boiled  in  salt  water.     The  ova  of  other  forms  of  fish  has  also  been  used :  J^nglisli 
dog-biscuits,  worms  and  maggots. 

§  When  coarse  or  large  fish  are  present  in  the  water  it  is  intended  to  stock,  two-year-old 
fish  are  found  to  succeed  best. 
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work  of  destrnction.  Frogs  will  likewise  prey  on  them,  also  many  fisli  as  bull- 
heads, sticklebacks,  perches,  eels,  river  trout,  and  other  forms  of  Salmonidaj. 
Among  their  invertebrate  enemies*  which  have  been  recorded,  it  does  not  seem 
improbable  that  some,  as  the  fresh- water  shrimp,  Gammarus  pulex,  may  be  useful 
in  consuming  surplus  food,  which  might  otherwise  tend  to  putrefy  and  cause 
disease,  as  well  as  by  eating  any  dead  fry,  although  they  may  likewise  destroy 
some  few  of  the  living,  especially  such  as  are  weakly. 

There  are  numerous  diseases  alevins  and  fry  are  subjected  to  when  artificially 
reared,  among  which  the  following  have  been  enumerated  : — Constitutional 
weakness  occasioning  arrest  of  development  in  the  young,  which  is  sometimes 
induced  by  breeding  from  young  parents  or  inter-crossing  species ;  from  the  same 
causes  deformities  may  arise,  although  some,  as  spinal  affections,  may  be  due  to 
injuries  sustained  by  the  embryo  in  the  earlier  stages  of  its  development.  This 
also  seems  to  be  one  predisposing  cause  to  blue-dropsy  of  the  sac ;  as  well  as  those 
cases  in  which  small  black  eyes,  so  indicative  of  bad  development,  are  perceptible 
in  the  unhatched  young.  Too  much  light,  likewise,  seems  to  be  injurious  to  the 
brain,  acting  through  the  medium  of  the  optic  nerves.  In  some  instances  eggs 
which  had  been  attacked  with  fungus  will  hatch,  but  the  young  are  mostly 
weakly:  while  it  is  not  infrequent  to  observe  the  alevin  suffocated  when  attempting 
to  emerge  from  the  eg^,  or  should  it  succeed  in  its  endeavours,  to  subsequently 
die  from  the  effects  of  weaknesss.  The  water  itself  may  be  injurious,  owing  to 
its  being  too  warm,  insufficiently  aerated  or  polluted.  Crowding  the  young  is 
likewise  a  fertile  source  of  disease,  while  insufficiency  of  nutriment  may  occasion 
starvation.  Still  excess  often  sets  up  fungus,  owing  to  a  portion  of  the  unconsumed 
food  remaining  in  and  polluting  the  water.  Sometimes  the  fry  are  choked  by 
trying  to  swallow  pieces  of  meat  which  are  too  large,  while  fungus  may  show  itself 
among  them. 

Considerable  attention  has  been  devoted  of  late  years  to  the  hybridization 
of  animals  and  plants,  and  many  assertions,  Avhich  formerly  passed  current  as 
undoubted  facts,  have  been  ascertained  to  be  partially  or  wholly  erroneous.  At 
the  preseiit  day  we  cannot  admit  the  theory  of  Ray,  that  "  any  two  animals  that 
can  procreate  together,  and  whose  issue  can  procreate,  are  specifically  the  same  :" 
nor  the  'statement  of  the  elder  Flourens,  that  hybrids  can  only  be  produced 
between  individuals  belonging  to  the  same  genus.  In  short  it  has  been  conclu- 
sively proved  that  hybrid  offspring  are  not  invariably  sterile,t  their  degrees  of 

*  Mr.  Daubeny,  of  Eedhampton  Kectory,  observed  in  The  Field  ^March  22nd,  1884,  p.  406),  as 
follows  :— "  The  most  deadly  enemy  to  young  fish  I  believe  to  be  leeches  {Piscicolageometra),  and 
in  some  streams  it  seems  to  me  a  puzzle  how  any  of  the  fry,  when  just  emerged  from  the  egg,  can 
escape  them.  The  ponds  in  my  garden  and  the  streams  round  are  alive  with  leeches  about  one- 
third  of  an  inch  in  length :  they  devour  everything.  It  is  impossible  to  set  a  night-line.  A 
large  lob- worm  is  eaten  in  a  few  minutes  by  them ;  and  even  a  mouse  used  as  a  bait  by  one  of 
my  boys  for  eels  had  nothing  but  the  tail  left  the  next  morning.  A  piece  of  meat  an  inch  square, 
after  being  left  in  the  water  an  hour,  was  found  to  have  1200  attached  to  it.  On  a  warmday 
they  may  be  seen  crawling  on  the  bottom  of  the  water  in  every  direction.  Hardly  a  square  inch 
this  time  of  year  but  has  a  leech  or  two  on  it.  I  think  that  they  will  not  touch  trout  ova,  the 
shell  being  too  tough  for  them,  but  fry  a  few  days  old,  on  being  placed  in  a  saucer,  with  some  of 
these  tiny  leeches  by  way  of  an  experiment,  were  at  once  seized  upon  and  devoured.  Their  powers 
of  locomotion  are  too  feeble  to  afford  them  a  chance  of  escape  from  their  ubiquitous  foes."_  _ 

t  Hybridization  has  been  observed  between  two  quadruma  pertaining  to  different  families  of 
Catarhina.  Thus  an  offspring  was  born  in  the  Kegent's  Park  Zoological  Gardens,  on  October 
1.3th,  1878,  which  was  a  cross  between  a  male  ape  3Iacams  cynoloritis  and  a  female  baboon 
Cynoceplialus  mormon.     It  died  December  20th,  1879. 

All  are  aware  of  the  existence  of  mules  and  hinnies  between  the  horse  and  the  ass,  and 
although  some  of  these  mules  have  been  observed  to  produce  offspring,  Columella  (M.  de  la 
Malle,  Ann.  des  Sciences  Ndt.,  xxvii,  page  235)  and  others  have  remarked  that  they  do  not  have 
fertile  crosses  among  themselves,  but  only  when  interbreeding  with  one  of  the  primitive  species 
from  which  they  had  been  derived.  Mr.  Bartlett  {Proc.  Zool.  Soc,  1884,  page  399,  pi.  xxxiv,  xxxv) 
has  described  a  cross  made  in  the  Kegent's  Park  Zoological  Gardens,  which  includes  the  races 
of  Zebra,  Gayal,  and  Bison,  and  in  which  communication  he  gave  descriptions  of  other  hybrids 
between  : 
recorded 

and  some  of  the  ordinary  breeds  of  the  domestic  ox  of  Europe, 
were  received  from  Calcutta,  June  18th,  1880  ;  the  bull  paired  readily  with  cows  of  every  variety 
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fertility  graduating  from  sterility  to  perfect)  fertility  :  and  what  occurs  in  other 
divisions  of  the  vertcbrata  has  been  shown  to  likewise  take  ])lace  in  tishes.  Pallas 
held  that  in  some  instances  domestication  tends  to  the  elimination  of  sterility  : 
"while  Morton  considered  that  it  merely  evolves  the  capacity  for  being  prolitic. 

Evidence  has  been  handed  doAvn  to  us  from  early  times  that  the  existence  of 
hybrid  fish  was  believed  in,  as  may  be  seen  by  referring  to  Willoughby  and 
Ray  in  1686,  while  Pennant  (Jirit.  ZouL,  1812)  alluded  to  "  hybrid  lish,  f(jr  that 
such  exist,  those  persons  who  had  paid  most  attention  to  the  subject  in  ichthyo- 
logy have  not  a  doubt." 

The  ova  of  these  fishes  have  to  bo  fertilized  by  the  milt  of  the  males  diffused 
as  a  rule  in  the  surrounding  water,  and  it  may  occur,  especially  in  streams,  that 
milt  comes  in  contact  with,  and  perhaps  fertilizes,  the  eggs  of  a  female  of  a  dilferent 
species,  genus,  or  family,  thus  giving  rise  to  a  hydrid  offspring.*  But  the  size  of 
the  micropyle  of  the  ovum,  and  that  of  the  spcrmatozooid  of  the  milt,  must  be  of 
conforming  capacities,  or  fertilization  would  be  a  physical  impossibilty. 

of  domestic  cattle,  and  numerous  hybrids  were  born,  nine  males,  and  ten  females  ;  of  these,  the 
older  ones  of  both  sexes  have  already  (Field,  Jan.  15,  1885)  been  used  for  further  experiments. 
Females  on  being  paired  with  an  ordinary  European  bull,  in  every  case  proved  fertile,  so  far  conclu- 
sively proving  the  fertility  of  the  hybrid  Gayal  cows  when  paired  with  European  bulls  of  unmixed 
blood.  But  the  hybrid  Gayal  bulls,  without  exception,  have  proved  absolutely  sterile  although 
they  have  readily  paired  both  with  hybrid  females  and  cows  of  unmixed  European  races. 
Likewise,  it  was  remarked  [Field,  May  Kith,  1885)  that  the  same  experimenter.  Professor  Kuhn, 
has  also  crossed  the  domestic  sheep  with  the  moufflon,  Oris  mmmon,  the  wild  sheep  of  Corsica  and 
Sardinia.  The  results  were  equally  favourable  with  the  various  European,  Asiatic,  and  African 
breeds  of  domestic  sheep  and  uniformly  successful,  whether  ewes  of  the  domestic  sheep  were 
crossed  with  moufflon  rams,  or  the  reverse.  Their  descendants  proved  fertile  in  both  instances  when 
crossed  with  each  other.  This  was  the  case  with  animals  of  close  consanguinity  and  even  with 
twins,  and  in  (1885)  lambs  of  mule  crossings  have  been  born  which  belong  to  the  fourth 
generation  of  these  animals  crossed  exclusively  between  themselves. 

Among  birds,  Eyton  crossed  the  Chinese  goose  with  the  common  goose,  from  which  he  reared 
two  hybrids,  but  from  separate  sittings ;  while  from  these  two  hybrid  offspring  he  obtained  a 
hatching  of  eight  hybrids,  the  grandchildren  of  the  original  unmixed  parents.  Darwin  procured 
two  of  these  hybrids,  and  from  them  (brother  and  sister)  raised  five  extremely  fine  birds  from  two 
hatches,  which  in  every  respect  resembled  the  hybrid  parents.  Pheasants,  also,  are  known  to 
cross  freely.  In  this  class,  kept  in  confinement,  many  interesting  facts  on  this  subject  have  been 
recorded,  and  which  seem  to  have  more  analogy  to  what  obtains  in  fishes  than  the  instances 
observed  in  the  higher  grade  of  mammals.  Hybrids  have  been  raised  from  a  hen  Canary  and 
a  cock  Goldfinch  :  from  a  hen  Canary  and  a  cock  Siskin,  the  young  of  this  cross  resembling 
the  Siskin  in  shape :  from  a  hen  Canary  and  a  Linnet.  Most  of  the  foregoing  have  proved  fertile, 
and  no  great  trouble  has  been  experienced  in  inducing  the  parents  to  pair,  but  the  difficulty 
increases  in  proportion  to  the  remoteness  of  the  relationship  between  the  species.  A  hen  Canary 
has  also  been  crossed  with  a  Bullfinch,  but  the  eggs,  says  Bechstein,  seldom  prove  fruitful ;  still 
Dr.  Jassy  found  a  plan  of  making  other  Canaries  sit  on  the  eggs  and  bring  up  the  young.  A  hen 
Canary  paired  with  a  Nightingale  in  Bechstein's  presence,  but  the  eggs  did  not  hatch.  The  reason 
why  the  Canary  has  been  selected  as  the  mother  is,  because  she  will  lay  her  eggs  in  an  artificial 
nest,  which  wild  birds  are  not  readily  induced  to  do.  Some,  at  least,  of  the  foregoing  hybrid 
progeny  of  birds  were  fertile — as  crosses  between  hen  Canaries  and  Goldfinches,  Siskins  and  Green- 
finches. The  first  eggs  of  these  hybrids  were  said  to  be  very  small,  and  the  young  hatched  from 
them  very  weak,  but  the  eggs  of  the  next  season  were  larger  and  the  nestlings  stronger  and 
stouter. 

*  Leuchart  observed  that,  "  if,  however,  it  be  ti'ue,  as  Fraisse  asserts  in  his  work  on  Scientific 
fi.th-breeding— and  we  have  no  ground  on  which  to  doubt  it,  2)ri ma  facie — that  he  has  been  able  to 
effect,  by  artificial  fecundation,  a  hybrid  offspring  between  the  brook  trout  and  the  burbolt,  which 
is  between  two  forms  which  belong  to  two  totally  diff'erent  groups,  then  the  limits  of  hybridization 
must  be  greater  than  we  have  hitherto  been  inclined  to  assume."  In  the  bulletin  of  the  United 
States  Fish  Commission  for  1882  is  an  account  of  a  hybrid  between  a  fish  belonging  to  the  herring 
family,  an  Alosa  or  Clupea,  which  furnished  the  eggs,  and  the  striped  bass,  Eoccm  lineatui^,  that 
pertains  to  the  perches,  and  which  supplied  the  milt.  (Some  doubts  have  since  been  thrown  on 
the  latter  experiment,  it  having  been  questioned  whether  fertilization  took  place  as  described, 
and  the  young  were  not  kejDt,  while  the  first  seems  to  require  confirmation). 

Passing  on  from  instances  of  hybrids  which  have  been  recorded  as  bred  between  fishes  belong- 
ing to  distinct  families,  we  come  to  intercrossings  effected  between  species  belonging  to  two 
different  genera.  Livingston-Stone  observed  in  1869  how  he  had  artificially  crossed  the  eggs  of 
the  yellow  perch,  Perca  flavescciix,  with  the  milt  of  a  glass-eyed  perch,  lAicioperca,  both 
pertaining  to  the  percoid  family.  The  embryos  continued  to  develop  until  the  seventh  day,  when 
all  at  once  they  ceased  to  do  so.  :Mr.  Eoosevelt,  Fwc.  Amer.  J.sxoc.  fur  Adv.  of  Science,  18S4, 
recorded  that  in  the  United  States  Salnto  confinis  had  been  bred  with  the  white  fish,  Core(jonu.i 
albus;  the  brook  trout  with  the  fresh- water  herring,  Coregonus  clupeiformis ;  the  brook  trout  and 
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If  we  now  almost  entirely  restrict  ourselves  to  tlie  recorded  instances  respecting 
hybridization  among  the  Salmonidas  in  Gx'eat  Britain,  we  iind  some  of  our  earliest 
ichthyologists,  down  to  those  of  the  present  day,  have  observed  upon  their  occur- 
rence, while  fish-culturists  have  conclusively  shown  its  possibility  by  artificial 
breeding,  from  which  fertile  or  sterile  offspring  have  resulted.  And  further  on  I 
shall  adduce  successful  instances  of  intercrossings,  in  addition  to  those  here  noted, 
which  were  effected  by  Sir  James  Maitland,  at  Howietoun,  between  the  salmon 
and  trout,  trout  and  char,  and  how  the  offspring  were  j^rolific* 

the  California  trout,  Salmo  irideits.  Mr.  G.  Berney,  writing  from  Morton  Hall,  Norfolk,  on 
April  28,  1883,  to  the  committee  of  the  Great  International  Fisheries  Exhibition,  remarked  as 
follows:  "Baron  Clock  informed  me  that  he  had  a  few  fish,  a  cross  between  the  golden  tench, 
Taica  vulgaris,  var.,  and  the  common  carp,  Cyprinus  carpio.  He  clearly  did  not  wish  to  give  me  any 
of  them,  and  I  had  no  desire  to  introduce  a  mongrel  fish."  Pennant,  in  the  last  century,  alluded 
to  hybrids  between  the  carp  and  tench,  and  also  to  having  heard  of  some  between  the  carp  and 
the  bream.  They  have  also  been  observed  between  the  roach,  Lcuciscus  rutilas,  and  the  bream, 
Ahm>nis  hrcona  :  between  the  vudd,  L.  erijtJiropJitltalmus,  ani  the  hveam  :  and  between  the  chub, 
L.  ccphahts,  and  the  hleak,  Alburnus  hicidus ;  while  Pritchard  remarked  that  "  Def ay  mentioned 
a  hybrid  between  a  barbel  (Barhus)  and  a  carp  (Cuipio)." 

Crosses  have  likewise  been  obtained  from  between  turbot  and  brill,  plaice  and  flounders,  but 
it  is  among  the  carps  that  probably  the  most  hybrids,  bred  in  a  wild  state,  have  been  observed. 
Hessel  stated  that  he  placed  a  female  of  the  common  carp  with  a  male  crucian  carp,  Carassius 
intlgaris,  also  a  female  crucian  carp  with  a  male  of  the  common  carp,  and  a  female  Cypriims 
kollurii  (a  cross  between  the  common  and  crucian  carps)  with  a  male  of  the  common  carp.  In 
the  tAvo  first  instances  the  young  became  identical  with  C.  koUarii,  some  approaching  more 
towards  one  parent  and  some  towards  the  other,  while  in  the  last  experiment  the  offspring  was 
with  difficulty  to  be  distinguished  from  the  genuine  carp.  The  roach  has  been  observed  inter- 
breeding with  rudd,  and  also  with  the  chub. 

*  Willoughby  (168())  remarked  that  he  was  persuaded  that  the  salmon  and  the  various  forms 
of  trout  interbreed  :  and  many  authors  in  this  country  have  erroneously  asserted  that  par  were 
hybrids,  until  the  question  was  set  at  rest  by  the  fish-culturists.  Mr.  Shaw,  on  April  2G,  1841, 
informed  Mr.  Scope  that  his  "  experiments  with  the  ova  of  the  common  trout  and  salmon  had 
been  quite  successful,  and  that  the  hybrids  had  hatched,  and  were  in  good  health.  Again,  in  October, 
he  observed  that  they  were  all  in  a  very  healthy  state,  the  cross  not  having  in  the  slightest  degree 
affected  their  constitutions.  Those  produced  between  the  salmon  and  the  salmon  trout  appeared 
to  partake  more  of  the  external  markings,  silvery  coating,  and  elegance  of  form  of  the  par  than 
any  of  the  others.  Those  produced  between  the  salmon  and  the  common  trout,  and  between  the 
common  trout  and  the  salmon  trout,  had  in  every  respect  more  the  appearance  of  the  common 
trout  than  the  former."  "  In  the  Dunrobin  Museum  is  a  large  series  of  stretched  skins  of  trout 
collected  by  the  late  Mr.  Young  of  Invershin,  which  are  called  crosses  between  sea  and  river  fish 
as  labels  on  the  fish  or  notes  respecting  them  do  not  exist."  (.J.  Harvie  Brown,  MSS.)  These 
probably  refer  to  Mr.  Young's  preparations  of  the  skins  of  the  salmon  he  alluded  to  in  his  work 
as  remarked  upon  by  Ephemera,  in  BelVs  Life  of  December  11th,  1858. 

Edmund  Thomas  Ashworth  [Propagation  of  the  Salmon,  1853,  page  19),  observed  that  "  the  ova 
of  trout  fecundated  by  the  milt  of  the  salmon,  by  the  care  of  MM.  Berthot  and  Detzem,  and 
forwarded  from  the  banks  of  the  Ehine,  were  hatched  in  their  laboratory.  Also  ova  of  salmon 
fecundated  by  the  milt  of  trout  gave  the  same  results.  Davy  (1858)  remarked  that  "  it  had  been 
ascertained  that  the  ova  of  the  salmon  can  be  impregnated  with  the  milt  of  the  common  trout," 
and,  subsequently,  that  "  Mr.  Reynolds  mixed  together  the  roe  of  the  lake  trout  and  the  fluid 
milt  of  the  char,  which  he  placed  in  his  breeding  boxes  in  November.  In  seventy  days  some  of 
the  ova  were  hatched  ;  the  young  fish  had  a  hybrid  character,  the  fish  themselves  having  much 
the  appearance  of  the  char  of  the  same  age."  I  received  from  Howietoun  (January,  1885),  three 
figures  of  hybrid  Salmonidffi  taken  in  colours  from  fish  in  spirit  in  the  "  College  of  France"  at 
Paris.  The  label  asserts  "these  were  from  Professor  Coste's  fish-house,  1866-67.  The  water 
became  bad  when  they  were  about  eighteen'months  old  and  killed  them.  They  had  milt  and  roe." 
They  seem  to  be  of  two  sorts — trout  and  salmon,  and  American  char  and  trout. 

Dr.  Gunther  (1866),  while  he  admitted  that  from  the  time  of  Willoughby  till  now  the  existence 
of  hybrid  Salmonidaj  had  been  believed  in,  continued,  "  yet  no  instance  had  been  clearly  made 
out  until  we  were  enabled,  through  the  liberality  of  the  Eev.  Augustus  Morgan,  to  convince 
ourselves  of  the  existence  of  a  hybrid  between  the  sewin,  Salmo  camhricus,  and  the  river  trout, 
S.  fario."  In  1872  he  observed,  "  I  am  not  quite  sure  but  that  milt  and  ova  might  be  found  in  a 
hybrid  ;  it  has  been  found  in  pars,  and  my  theory  is  that  where  this  is  so  the  fish  is  the  produce 
of  a  hen  salmon  and  a  male  river  trout.  This  hybrid  would  come  to  maturity  sooner  than  a 
pure-bred  salmon,  and  thus  give  the  appearance  of  roe  or  milt  being  found  in  a  par."  Professor 
Kasch  in  1867  instituted  experiments  in  order  to  practically  test  the  question  of  hybrids  among 
the  Salmonidfc  ;  he  found  that  the  ova  of  the  sea  and  river  trout  were  developed  regularly,  which- 
ever form  were  the  parent  one,  and  that  the  offspring  were  fertile.  That  of  the  ova  of  the  char, 
fertilized  by  the  milt  of  the  trout,  30  to  40  per  cent,  were  developed,  but  many  young  fish 
perished  after  being  hatched.  Trout  ova,  fertilized  by  the  milt  of  the  char,  only  gave  10  per  cent, 
of  young,  many  of  which  were  mis-shapen.     Salmon  ova,  fertilized  with  trout  milt,   yielded 
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Until  recent  times  the  opinion  lias  been  very  t^enerally  ncc(>p(c(l  that  the 
sterility  of  hybrids  is  Nature's  mode  of  preventing-  the  intormin^-lino-  of  species  ; 
for  it  is  apparent  that,  did  not  some  means  exist  by  which  the  comming'liiig  of 
forms  conld  be  prevented,  in  a  short  space  of  time  all  distinctions  would  become 
obliterated — families,  genera,  and  species  would  be  inextricably  mixed  up.*  But 
among  lishes  causes  exist,  as  to  seascms,  localities,  ova,  and  milt,  but  which  it  is 
unnecessary  to  again  detail,  that  greatly  tend  to  circumscribe  such  commingling. 

40  per  cent,  of  young  fish,  but  more  if  the  milt  of  the  char  were  employed.  The  ova  of  a  hybrid 
between  a  trout  and  a  char  could  not  be  fertilized  by  means  of  trout  milt.  Carl  Pfyror  (187<)) 
stated  that  in  Upper  Austria  "  artificial  iish-culturo  had  produced  many  cross-breeds,  especially 
of  the  char,  Salnio  salrelinus,  with  the  trout,  which  excel  the  pure  breed  in  many  respects.  In 
Upper  Austria  the  eggs  of  the  char  are  mostly  impregnated  with  the  milt  of  the  brook  trout." 

Leuchart  remarked  that  in  January,  1878,  some  salmon  ova  were  fertilized  with  trout  milt,  and 
the  offspring  were  kept  in  a  private  brook,  well  protected  from  the  ingress  of  sti-ange  fish.  In  the 
beginning  of  1879  seventy  of  them  were  transferred  from  the  water  in  which  they  then  were,  into 
a  small  perfectly  inclosed  iJond,  wherein  they  remained  until  January,  1880.  On  taking  the 
iish  from  the  pond,  only  tifty-four  were  found,  and  a  portion  of  the  larger  ones  had  effected  their 
sexual  development.  Only  one  example  was  a  female,  while  twenty-five  milters  were  counted 
(possibly  the  missing  ones  were  females  which  had  jumped  out  of  the  water  at  night-time  and 
been  carried  off  by  vermin).  On  Feb.  7  the  ova  of  the  female  was  milted  from  one  of  the  males. 
In  the  middle  of  March  the  eyes  of  the  embryo  were  visible,  and  shortly  afterwards  the  hatched 
fry,  along  with  their  jDarents,  were  brought  to  Berlin  in  spirit.  In  this  instance  the  male  parent 
was  a  trout,  and  trout  of  both  sexes  commence  breeding  at  two  years  of  age,  as  was  here  observed 
to  be  the  case,  the  importance  of  which  has  been  referred  to.  In  the  Berlin  Fishery  Exhibition 
(1880),  were  some  lovely  fish,  crosses  between  the  char  and  the  trout,  and  shown  by  Professor 
Haack,  who  is  snid  by  Leuchart  to  have  observed  a  capacity  for  impregnation  of  the  ova  of  hybrid 
salmon  with  one  of  the  parent  species. 

The  Hon.  Eobert  B.  Koosevelt  observed  {Proceedings  of  the  f American  Association  for  the 
Advancement  of  Science,  vol.  xxxiii,  1884)  that  "  the  crosses  made  under  the  New  York  State 
Fishery  Commission  have  been  very  numerous.  The  first  was  that  of  the  California  salmon 
{Salmo  qitinnat)  and  the  brook  trout  (Sabno  fontinalis):  this  was  in  the  year  187C.  Then  came  the 
cross  of  the  salmon  or  lake  trout  {Salmo  conjinis)  with  the  brook  trout :  then  the  California  trout, 
Salmo  ir ideas  and  the  brook  trout :  and  thereafter  the  entire  range  of  the  salmon  and  trout 
families,  as  far  as  they  were  within  the  reach  of  the  operators,  were  combined  in  many  and 
curious  iDroportions." 

The  earliest  hybrids  to  mature  their  ova  were  the  cross  between  the  male  California  salmon 
and  the  female  brook  trout.  This  took  place  in  the  year  1879.  They  not  only  became  gravid 
but  ascended  the  sjiawning  races  as  naturally  as  those  of  either  distinct  sjiecies.  But  as  they 
deposited  no  eggs  and  did  not  appear  to  mate,  an  examination  was  made,  and  it  was  ascertained 
that  they  were  all  females.  To  remedy  this  a  number  of  male  spawning  brook  trout  were 
admitted  to  the  same  race-way.  The  nests  had  been  constructed  but  no  eggs  had  been  deposited 
in  them.  A  further  examination  proved  that  the  eggs  were  too  large  to  pass  the  ovarian  opening. 
When  they  were  extruded  by  force,  as  in  the  stripping  process,  the  shells  were  crushed  and  a  few 
which  were  obtained  by  the  use  of  the  knife,  a  sort  of  modified  Cresarean  oj^eration,  and  were 
brought  into  contact  with  the  milt  of  the  trout,  failed  to  impregnate  and  perished.  In  all 
subsequent  operations,  however,  the  proportion  of  each  sex  has  been  about  equal. 

The  cross  of  the  male  brook  trout  and  the  female  salmon  trout,  the  Salmo  fontinalis  with  the 
Salmo  conjinis,  matured  ova  in  October,  1880.  There  were  about  72,000  eggs  cast  which  hatched  as 
readily  as  those  of  either  parent,  although  it  was  found  that  a  larger  percentage  of  them  could  be 
impregnated  with  the  milt  of  the  male  brook  trout  than  with  the  milt  of  their  own  kind.  The 
percentage  of  fertility  was  good,  and  the  young  proved  to  be  perfectly  healthy  and  as  able  to 
stand  the  struggle  for  existence  as  any  of  their  brethren  of  pure  strain.  At  the  first  cross  one- 
half  of  the  salmon  trout  was  eliminated,  their  young  impregnated  with  the  milt  of  the  male 
brook  trout  left  only  a  quarter  of  the  coarser  parent,  and  then  came  those  which  were  seven- 
eighths  brook  trout  to  one-eighth  salmon  trout,  which  is  as  far  as  we  have  got  at  the  jiresent  time. 
The  young  of  each  of  these  generations  show  the  effects  of  the  cross.  The  first  in  descent  had 
none  of  the  carmine  si^ecks  which  are  the  distinguishing  feature  of  the  "  speckled  trout"  of  our 
brooks.  In  the  second  generation  the  spots  began  to  appear,  and  in  the  last  they  are  distinctly 
visible,  although  fewer  in  number  than  in  the  trout  of  Sangre  Azul.  In  the  year  1883  there  were 
distributed  to  the  brooks  of  the  State  45,300  hybrid  fry  which  were  one-half  salmon  trout  and 
one-half  brook  trout,  and  in  1884  a  second  planting  of  79,000  three-quarter  brook  trout  was  made. 
The  first,  which  were  deposited  in  wild  waters,  were  found  in  six  months  to  have  attained  a 
growth  of  four  and  a  half  inches  in  length,  equal  to  the  growth  of  a  brook  trout  in  the  same 
water  for  an  entire  year. 

*  Mudie  observed  [Popular  Guide  to  the  Ohscrvation  of  Nature,  1832)  that  "  the  mules  of  whatever 
they  are  hybrids,  will  not  breed  as  a  race,  though  they  generally  can  with  either  of  the  parent 
stocks,  and  the  result  is  a  partial  return  to  that  stock  :  and  if  the  system  were  continued,  the 
ultimate  progeny  would  be  again  assimilated  or  identified  with  the  pure  blood."     Dr.  Giinther 
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Chanf^Ing  the  conditions  of  life  in  an  animal,  however  slight  that  change  may 
be,  mio-ht  affect  the  reprodnctive  organs.  Thus  carnivora,  excluding  plantigrades, 
breed  Ireely  in  confinement ;  but  carnivorous  birds  under  the  same  conditions 
rarely  lay  fertile  eggs;  while  intercrossing  animals  of  the  same  species,  but 
belonging  to  different  local  races  or  varieties,  generally  adds  vigour  to  the  mongrel 
offspring.  But  if  still  greater  changes  are  tried,  as  between  two  distinct  species, 
a  mule°or  hybrid  race  is  produced  which  is  more  or  less  sterile.  The  repro- 
ductive organs  in  hybrids  are  supposed  to  be  in  an  imperfect  condition,  which 
would  account  for  such  fishes  being  more  difficult  to  breed  from  than  the  pure 
species.  Geoffrey  St.  Hilaire's  experiments  proved  that  unnatural  treatment 
of  the  embryo  occasions  monstrosities,  while  the  experiments  at  Howietoun 
show  that  numerous  malformations  occur  when  no  direct  injury  or  unnatural 
circumstances  (except  hybridism,  or  causes  connected  with  age  or  consanguinity) 
could  have  taken  place.  Also  young  parents  give  weak  and  often  diseased 
offspring,  as  well  as  some  monstrosities,  which  are  certainly  influences  that  would 
affect  hybrids  as  well  as  pure  species. 

Darwin  was  evidently  correct  in  advancing  that  the  sterility  of  first  crosses 
with  pure  species,  where  the  reproductive  organs  are  perfect,  depends  (often,  not 
always)  on  the  early  death  of  the  embryo  ;  while  the  sterility  of  hybrids  having 
imperfect  reproductive  systems,  he  considered  allied  to  that  sterility  of  pure 
species  in  which  the  natural  conditions  of  life  have  been  disturbed.  But  some- 
thing ia  addition  seems  to  be  necessary  in  order  to  account  for  the  monstrosities 
and  diseased  forms  seen  among  young  hybrid  fishes. 

The  question  arose  whether,  should  an  anadromous  form  of  the  Salmonidss  bo 
crossed  with  a  non-migratory  species,  the  tendency  to  migrate  to  the  sea  would 
be  lost  ?  Experiments  showed  that  in  such  hybrids,  nntil  their  eggs  commenced 
developing,  this  migratory  habit  was  in  abeyance  ;  but  with  the  development  of 
the  eggs  it  at  once  prevailed. 

The  question  of  the  prepotency  of  the  sex  of  either  parent  in  the  colour  of  the 
offspring,  or  the  period  when  it  breeds,  will  be  deferred  until  the  Howietoun 
hybrids  are  considered. 

A  thorough  investigation  into  the  various  forms  of  Salmonidoe  present  in  our 
waters  possesses  more  than  a  passing  interest ;  for  if,  as  some  suppose,  we  have 
many  species  of  trout  and  char,  and  they  intercross,  it  becomes  a  first  consideration 
as  to  what  are  the  probabilities  of  sterility  occurring  in  the  hybrid  offspring  ?  On 
the  other  hand,  should  trout  or  char  from  two  (asserted  to  be)  separate  species  he 
crossed  and  no  unusual  phenomena  occur,  except  improvement  in  the  breed,  while 
sterility  is  absent  and  monstrosities  or  malformations  few  in  number,  the 
supposition  must  be  raised  whether  we  are  not  dealing  with  local  races  instead  of 
with  distinct  species,  and  if  the  young  are  not  in  reality  mongrels  instead  of  hybrids. 
Also  should  hybrid  ofispring  be  fertile,  it  becomes  important  to  ascertain  to  what 
extent  this  fertility  extends,  and  through  how  many  generations  it  may  be  found 
to  continue. 

The  question  of  species  is  also  one  which  gTeatly  concerns  the  fish-culturist, 
while  systematic  zoologists  who  constitute  new  forms  of  trout  and  char  on 
insufiicient  grounds,  are  occasioning  great  injury  to  fisheries.  For  when  successful 
in  promulgating  their  views,  they  have  induced  fish  preservers  to  believe  that  a 
diminutive  race  is  not  the  result  of  poverty  of  food,  or  some  local  cause,  which 
therefore  has  remained  unsought  for.  While  they  have  also  occasioned  the 
c"-gs  or  fry  of  large  varieties  to  be  obtained  from  a  distance,  often  at  a  great  cost, 
and  the  deteriorated  progeny  (due  again  to  the  effects  of  local  causes)  has  been 
supposed  to  show  that  the  purchaser  had  been  imposed  upon  by  the  vendor,  thus 
inducing  trouble  and  needless  vexation. 

(Introduction  to  the  Study  of  Fishes,  1880,  page  fiSl)  when  alluding  to  the  Salmonidffi,  stated  that 
"some  of  the  species  interbreed,  and  the  hybrids  mix  again  with  one  of  the  parent  species,  thus 
producing  an  offspring  more  or  less  similar  to  the  pure  breed  ;"  and  a  few  pages  further  on  he 
remarked  that  "the  hybrids  are  sexually  as  much  developed  as  the  pure  breed,  but  nothing 
whatever  is  known  of  their  further  propagation  and  progeny  "  {I.  c.  page  638). 
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p.  1304;  Bonnaterro,  Encyclopediquelobtliyologie,1788,p.  159,  pi.  Ixv,  f.2Gl,202  ; 
Blocb  by  Scbncider,  1801,  p.  398 ;  Lacepedc,  Histoiro  Naturcllo  dcs  Poissons, 
1749-1801,  V,  p.  159;  Turton,  British  Fauna,  1807,  p.  103;  Fleming,  History  of 
British  Animals,  1828,  p.  179  ;  Faber,  Naturgeschichte  der  Fische  Islands,  1829, 
p.  150;  Nilsson,  Prodromus  Ichthyologias  Scandinavica?,  1832,  p.  2,  and  Skandin:i- 
viska  Fauna,  1855,  p.  370  ;  Jardinc,  Edinburgh  New  Philosophical  Journal,  1802, 
viii,  p.  40,  and  British  Salmonidce,  pi.  i,  ii,  vii  and  viii ;  Richardson,  Fauna 
Boreali- Americana,  Fishes,  1831-37,  p.  140,  pi.  xci,  f .  1  (head) ;  Jenyns,  Manual 
of  British  Vertebrate  Animals,  1835,  p.  421  ;  Yarrell,  History  of  British  Fishes 
(Ed.  1)  1835-30,  ii,  p.  1,  c.  fig.  (Ed.  2)  1841,  ii,  p.  1  (Ed.  3)  1859,  i,  p.  155  ; 
Parnell,  Wcrnerian  Memoirs,  vii,  1838,  p.  258,  and  Fishes  of  the  Firth  of  Forth, 
1838  p.  118,  pi.  xxx,  xxxi,  and  xxxii,  f.  1,  2 ;  Swainson,  The  Natural  History  and 
Classification  of  Fish,  1838,  ii,  p.  287  ;  Agassiz,  Histoire  Naturelle  dcs  Poissons 
d'eau  douce  do  I'Europe,  1839-42,  pi.  i  and  ii ;  White,  Catalogue  of  British  Fish, 
1851,  p.  74  ;  Gronow's  Fishes,  edited  by  Gray,  1851,  p.  151  ;  Kroyer,  Danmarks 
Fiske,  1838-53,  ii,  p.  540 ;  Mitchill,  the  Fishes  of  New-York,  1814,  p.  434 ;  De  Kay, 
Fishes  of  New-York,  1842,  p.  241,  pi.  xxxviii,  fig.  122;  Thompson,  Natural 
History  of  Ireland,  1850,  iv,  p.  143  ;  Schlegel,  Natuurlijke  Historic  van  Nederland, 
Visschen,  1862,  p.  120,  pi.  xiii,  f.  1;  Blanchard,  Les  Poissons  dcs  eaux  douces 
de  la  France,  1866,  p.  448  ;  Giinther,  Catalogue  of  the  Fishes  in  the  British 
Museum,  vi,  1866,  p.  11;  Storer,  Fishes  of  Massachusetts,  1867,  p.  142, 
pi.  XXV,  fig.  2;  Collett,  Norges  Fiske,  1875,  p.  155;  Malm,  Fauna,  1877, 
p.  534 ;  Moreau,  Poissons  de  la  France,  1881,  iii,  p.  525  ;  Day,  Biitish  and  Irish 
Fishes,  1880-84,  ii,  p.  06,  pis.  ex  and  cxi ;  Brown-Goode,  Game  Fishes  of  the 
United  States,  1879,  p.  5,  fig.  and  Fishery  Industries  of  the  United  States,  1884, 
p.  468;   Garman,  American  Salmon  and  Trout,   1885,  p.  8,  fig.  2,  3,  4. 

Sahno  sahno,  Cuvier  and  Valenciennes,  Histoire  Naturello  des  Poissons,  xxi, 
1848,  p.  169,  pi.  614. 

Sahno  sahnidus,  Ray,  I.e.  p.  63  ;  Turton,  I.e.  p.  104  ;  Jardine,  Ic.  xviii,  p.  5() ; 
Jenyns,  I.e.  p.  426 ;  Parnell,  Worn.  Mem.  vii,  p.  278,  pi.  xxxii,  fig.  1  and  pi.  xxx, 
and  Fish.  Firth  of  Forth,  p.  138,  pi.  xxxii  {Far  or  Smalt). 

Sahno  noliUs,  Olafsen  und  Povelseu,  Reise  durch  Island,  1774-75,  i,  p.  83  ; 
Pallas,  Zoographia  Rosso-Asiatica,  1811  and  1831,  iii,  p.  342. 

Sahno  hamatus,  Cuvier,  Regno  Animal ;  Cuv.  and  Val.  he.  xxi,  p.  212,  pi. 
615  {old  'tnale). 

Salmo  gracilis,  Couch,  Report,  Royal  Cornwall  Polytechnic  Society,  1859  and 
Fishes  of  the  British  Isles,  1865,  iv,  p.  216,  pi.  ccxvi  {a  thin  deteriorated  race). 

Salmo  argenteus,  Giinther,  Catal.  vi,  p.  86  (not  Cuv.  and  Val.)  (a  kelt). 

The  Sahnon,-\  Russell,  1864,  pp.  234  ;  Couch,  I.e.  iv,  p.  163,  pi.  ccxi. 

*  The  literature  relating  to  this  fish  is  so  extensive  that  it  has  been  found  necessary  to  omit  a 
considerable  number  of  the  references. 

f  The  synonymy  of  the  land-locked  races  of  this  species  will  be  given  when  the  Lake.Wencrn 
variety  is  described,  but  it  must  here  be  remarked  that  Salmo  vencntensis,  Giinther,  was  named  by 
that  gentleman  upon  the  erroneous  supposition  that  he  was  examining  this  form,  whereas  his 
specimens  were  those  of  lake  trout.  The  Penobscot  and  Scbago  salmon  of  the  American  contment 
are  likewise  varieties  of  S.  salar,  but  do  not  attain  to  the  dimensions  of  those  present  m  Lake 
Wenern.  ,    „ 

4  * 
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B.  xi-xii,  D.  13-14  (yA--),  p.  13-14,  V.  9,  A.  11  (|:f),  C.  19,  L.  1. 120-125, 
L.  tr.  W-ih  Vert.  59-60,  Co3c.  pyl.  53-77. 

The  body  is  rather  elongated,  with  the  abdominal  profile  more  curved  than  that 
of  the  back.'  But  the  proportions  of  one  part  to  the  remainder  in  this  fish  vary 
considerably,  not  merely  consequent  on  the  locality  it  inhabits,  but  likewise  with 
its  age  and  the  season :  thus  in  the  young  there  is  a  comparatively  largo  head 
and  eyes,  a  short  snout  and  rounded  body  :  but  as  the  adult  stage  is  attained 
there  is  greater  depth  of  the  body  due  to  a  more  prominent  abdomen.*  After 
breeding,  the  kelts  are  recognizable  by  low,  lanky  bodies  and  long  heads.  The 
length  of  the  head  varies  with  the  age  and  sex  of  the  specimen,  being 
comparatively  slightly  longer  in  the  par  than  in  the  female  grilse  or  salmon,  in 
which  latter,  as  age  advances,  the  head  becomes  comparatively  shorter,  whereas 
in  the  male  it  is  longer  than  in  the  female.  The  length  of  the  head  is  from 
4j  to  4|  or  even  5  in  the  par  and  male  salmon  to  5  or  5;^  in  the  female  salmon 
and  grilse,  the  caudal  fin  is  from  6  in  the  par  to  7h  in  the  salmon  of  the  entire 
leno-th :  while  the  height  of  the  body  (which  is  greatest  beneath  the  origin  of  the 
dor'sal  fin)  is  from  4^  to  5  in  the  total  length.  Eye — situated  slightly  in  front 
of  the  middle  of  the  length  of  the  head  in  the  par  (fig.  13),  or  nearly  in  the  middle 
of  that  length  in  breeding  males  (fig.  14)  and  comparatively  much  smaller  in 
adult  than  in  young  fish :  interorbital  space  convex  and  equal  to  about  2/3  the 
length  of  the  postorbital  portion  of  the  head  in  young,  but  more  in  old  fish. 
Snout  much  produced  in  the  male,  and  during  the  breeding  season  the  extremity 
of  the  lower  jaw  is  provided  with  a  strongly  curved  prominence  which  in  old 
specimens  precludes  the  closure  of  the  jaws.  The  posterior  extremity  of  the 
maxilla  reaches  to  beneath  the  middle  of  the  eye  in  the  par,  but  beyond  its 
posterior  extremity  in  the  adult :  while  it  is  comparatively  wider  in  the  young 
than  in  the  adult.  Opercle  higher  than  wide,  from  about  1/5  more  in  the  par,  or 
1/4  in  the  grilse  or  young  salmon,  to  1/3  or  even  more  in  large  salmon,  (Plate  1)  : 
subopercle  from  1/2  to  1/3  of  the  height  of  the  opercle,  while  its  posterior  margin 
forms  a  semi-circular  curve  along  with  that  of  the  opercle.  Preopercle  with  its 
ano'le  rounded  and  having  a  rather  distinct  lower  liml).  Tarrell  observed  that 
what  distinguishes  Salmo  solar  from  all  other  British  species  is  the  form  of  the 
opercular  bones,  which  have  a  rounded  outline  to  the  posterior  edge  of  the 
gill-covers,  the  longest  diameter  of  which  to  the  nose  would  be  in  a  line  through, 
the  eye,  while  in  all  other  British  migratory  species  the  same  line  would  pass 
below  the  eye.  And  this  definition,  although  not  absolutely  correct  in  all 
instances,  will  be  found  to  be  so  in  the  great  majority,  as  shown  in  the  lines 
A  to  B  in  figures  13  and  14  of  the  par  and  old  male  salmon. 


-B 


Fig.  13.  Head  of  par,  natural 
size. 


Fig.  14.  Head  of  old  male  salmon, 
two-elevenths  the  natural  size. 


*  Professor  Benecke  (German  Fisheries  Association,  March  4th,  1886)  adduced  some 
interesting  figures  regarding  the  weight  and  corresponding  length  of  some  German  salmon, 
wherein  he  showed  that  one  measuring  45-7  inches  in  extent,  can  in  the  same  water  weigh  from 
16  lb.  to  30  lb.  which  would  occasion  considerable  difference  ia  the  various  proportions  of  the  body 
to  that  of  the  entire  lish, 
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Teeth — in  a  single  row  in  tlic  jaws 
rather  stouter  than  those  in  the  niand 
are  still  smaller.  In  adults  the  teeth 
in  those  of  the  females, 
while  there  are  from  one 
to  three  teeth  (unless  all 
are  absent)  on  or  just 
behind  the  head  of  the 
vomer*:  in  grilse,  should, 
teeth  be  present,  there 
are  from  one  to  three 
on  the  head  and  one  or 
moi'e  in  a  single  row 
along  the  body  of  that 
bone.  But  the  niinibers 
are  very  various  so  soon 
as  the  fish,  arrives  at  an 
age  to  commence  its  mig- 
rations sea- wards.  In  the 
par  andsmolt  a  double  row 
exists  along  the  body  of 


Fig. 
Teeth 
vomer 
par,  7 
long. 


and  palatines:  the  ])remaxillary  ones  being 
ibics,  wliilc  the  maxillary  and  palatine  ones 
are  often  larger  in  the  jaws  of  males  than 
the  vomer,  while  the  hind 
edge  of  the  head  of  that 
bone  is  armed  with  three 
or  rarely  four  teeth  placed 
in  a  single  row :  some 
of  these  commence  being 
slied  as  the  par  is  bccom- 
intr  a  smolt,t  and  the  loss 
rapidly  increases  in  the 
grilse  stage.  As  a  rule 
there  are  less  teeth  on 
the  head  of  the  vomer  of 
a  salmon  than  exists  in 
that  of  a  trout  of  similar 
size.  There  are  three  to 
six  recurved  teeth  on 
either  side  of  the  tongue.  | 


Fig. 
Teeth 
vomer 
grilse, 
lb.  wt. 


16. 
on 
of 


Fig.  17.  Outlines  of  tail  tins  of  salmon  at  various  ages  :— 
1.  Male  par,  4-2  inches  long;  2.  Par,  .5-2  inches  long ;  3. 
male  par,  6-4  inches  long;  4.  male  smolt,  7-8  inches  long; 
5.  Grilse,  3J  lb. ;  6.  Grilse,  4»  lb. 


*  Julv  12th,  1886,  a  grilse  of  3a  lb.  weight  hacltwo  teeth  oii  the  head  of  the  vomer  and  one  on 
its  body  :  vertebral)  59  -|-  .r  :  one  of  4,^  lb.  had  only  two  on  the  hind  edge  of  the  head  of  tbat 
bone :  while  a  large  male  salmon,  20  lb.  weight,  had  one  tooth  on  the  hmd  portion  of  the  head  ot 
the  vomer  and  a  second  on  the  commencement  of  the  body  of  that  bone.  0,1*41 

t  In  several  par  seven  inches  long  taken  in  September,  1880,  the  teeth  on  the  body  of  the 
vomer  were  commencing  to  take  on  a  single  row  in  all,  for  out  of  nine  sets  origmally  of  two  each 
only  four  pahs  remained,  the  rest  having  become  single.  -.i,        •  i      f  +u^  t ,«  . 

I  In  June,  1883,  a  female  salmon  of  101b.  weight  had  three  teeth  on  either  side  of  the  tongue . 
July  21st,  1886,  a  female  salmon  12  lb.  weight  had  the  lingual  teeth  all  shed  I'arhit  Fauim 
of  Devon,  1875,  page  9,  observed,  "Notice  is  taken  by  Mr.  Couch  and  others  of  salmon  having 
teeth  on  their  tongue :  but,  so  far  as  I  know,  no  one  has  taken  notice  of  salmon  of  the  same  size 
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Fins. — The  rayed  dorsal  fin  in  mature  fish  is  a  little  longer  at  its  base  than 
its  highest  ray  is.  Pectoral  in  adults  as  long  as  the  head  excluding  the  snout, 
and  does  not  reach  half-way  to  the  ventral,  Avhereas  in  the  par  it  extends  2/3  of 
that  distance :  in  the  par  it  is  rather  j^ointed,  the  third  to  the  seventh  from,  the 
upper  ray  being  the  longest.  In  par  and  grilse  it  is  about  one-sixth  longer 
than  in  brook  trout  of  the  same  length.  Ventral  in  adults  reaches  half-way  to 
the  base  of  the  anal,  in  the  par  2/3  :  anal  one-fourth  higher  than  its  base  is  long. 
The  form  of  the  caudal  alters  with  sexual  development :  in  the  young  par  it  is 
deeply  cleft,  and  varies  with  age  in  par  and  grilse  (see  fig.  17)  ;  at  2  or  2|^ 
feet  in  length  it  is  as  a  rule  truncated,  and  becomes  more  square*  with 
advancing  age.  The  free  portion  of  the  tail  is  comparatively  finer  in  grilse 
than  it  is  in  adult  salmon,  and  the  corners  of  its  tail  fin  more  pointed. 
Scales — in  the  caudal  portion  of  the  body  they  are  larger  in  this  than  any  other 
British  species  of  tlie  genus,  there  being  from  11  to  12  rows  in  an  oblique  line 
running  from  behind  the  adipose  dorsal  fin  downwards  and  forwards  to  the  lateral- 
line.  Although  it  has  been  stated  that  when  the  par  becomes  a  smolt  a  new 
layer  of  scales  overlaps  the  old  ones,  this  is  erroneous,  the  silvery  pigment  which 
lines  the  inside  of  the  scales  becomes  more  developed,  thus  concealing  the 
subjacent  colouring. f  It  has  also  been  said  that  the  grilse  possesses  a  diamond 
scale,  but  this  alludes  to  the  appearance  of  the  fish  when  fresh  captured.  J  The 
following  figures  will  show  the  form  of  the  scales  at  various  ages.     (Fig.  18  a, 


Fig.  18, a.  Scale 
of  par  32  months 
old,  magnified  2^ 
times. 


■b 

h.  Scale  of  grilse 
46  months  old, 
magnified  3  times. 


c.  Scale  of  salmon 
16  lb.  weight,  magni- 
fied 4i  times. 


h,  and  c.)  The  skin  on  the  back  of  old  males,  both  during  and  subsequent  to  the 
breeding  season,  being  thickened  and  spongy,  causes  the  scales  to  be  more  or  less 
imbedded. 

Colours. — In  adults  superiorly  of  a  steel  blue,  becoming  lighter  on  the  sides 
and  beneath.  Mostly  a  few  rounded  or  x-shaped  spots  scattered  over  the  body 
above  the  lateral-line  and  upper  half  of  the  head,  §  being  more  numerous  in  the 

and  apparently  the  same  age,  having  no  teeth  on  the  tongue,  this  organ  being  perfectly  smooth. 
I  have  examined  many  this  season,  and  I  find  almost  as  many  smooth-tongued  ones  as  those 
having  teeth.  This  is  not  a  sexual  peculiarity,  as  I  find  them  about  equal.  The  first  I  examined 
weighed  on  an  average  from  8  lb.  to  14  lb.  or  16  lb.  each."  Frank  Gosden,  Land  and  Water, 
November  28th,  1885,  wrote  on  this  subject :  "  I  have  restricted  my  examinations  to  salmon  from 
the  Exe  and  the  Dart  in  Devonshire."  ..."  Mr.  Couch,  I  am  aware,  as  well  as  many  others,  has 
taken  notice  of  the  teeth  on  the  tongues  of  salmon  :  but  I  do  not  know  of  anyone  having  remarked 
upon  salmon  of  the  same  age  or  about,  some  having  teeth  others  no  teeth  upon  the  tongue.  For 
several  consecutive  seasons  I  have  examined  numbers  of  salmon  varying  from  6  lb.  to  30  lb.  each 
and  have  found  it  immaterial  whether  they  be  large  or  small." 

*  The  existence  of  valves  in  the  large  intestines  has  already  been  alluded  to  (page  22  and 
fig.  12).  The  gut  was  removed  from  the  fish,  hardened  in  a  solution  of  chromic  acid,  and  injectei 
the  next  day  with  plaster  of  Paris. 

t  This  will  be  more  fully  considered  under  the  head  of  the  "  life  history  of  the  smolt." 

%  Mr.  Anderson  (September  30th,  1885)  wrote:  "I  think  you  mistake  me  when  I  say  the 
grilse  has  a  diamond  scale.  It  is  only  this  appearance  upon  the  fish  when  you  see  it  newly 
caught,  but  loses  it  in  a  few  hours ;  it,  as  well  as  the  salmon  scale,  takes  on  a  different 
ai^pearance  after  six  hours." 

§  March  26th,  1884, 1  was  shown  three  salmon,  all  males,  and  about  12  lb.  weight  each,  and  all 
caught  in  the  Severn  the  same  day  by  one  gang  of  fishermen.  One  had  no  spots  on  the  head, 
one  ten,  and  the  third  twenty,  showing  how  dissimilarly  these  fishes  may  be  marked  at  the  same 
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fomalc  than  in  the  male.  The  dorsal,  caudal,  and  pectoral  fins  grayish  black :  ventral 
and  anal  white,  the  i'ornicr  grayish  internally.     Prior  to  entering  fresh  waters 
salmon  are  of  a  brilliant  steel  blue  along  the  back  which  becomes  changed  to  a 
muddy  tinge  after  tliey  have  remained  in  rivers.  When  these  fish  have  passed  into 
fresh  waters  for  the  purpose  of  breeding,  numerous  orange  streaks  appear  in  the 
cheeks  of  the  male,  and  also  spots,  or  even  marks  of  the  same,  and  likewise  of  a 
red  colour  on  the  body.     It  is  then  termed  a  "red-fish."     The  female,  however, 
is  dark  in  colour  and  known  as  a  "  black-fish."     In  grilse  the   pectoral  fins  arc 
often  of  a  bluer  colour  than  in  large  salmon.     SmoUs  are  bluish  along  the  upper 
half  of  the  body,  silvery  along  the  sides,  due  to  a  layer  of  silvery  pigment  being 
formed  on  the  under  surface  of   the  scales,  while  they  have  darker  fins  than 
the  yearling  pink  but  have  similar  lateral  bands  and  spots  which  can  be  seen 
as  in  the  par  if  the  example   is  held  in  certain  positions  of  light,     Par  have 
two  or  three  black  spots  only  on  the  opercle :    also  black  spots  and  orange  ones 
along  the  upper  half  of  the  body  but  usually  no  dark  ones  below  the  lateral-lme, 
although  there  may  be  orauge  ones  along  its  course.     On  the  side  of  the  body  are 
a  series  (11  to  15)  transverse  bluish  bands  wider  than  the  ground  colour  and 
crossing  the  lateral-line,  while  in  the  upper  half  of  the  body  the  darker  silvery 
colour  of  the  back  often  forms  an  arch  over  each  of  these  bands.     A  row  of  spots 
exists  along  the  middle  of  the  rayed  dorsal  fin,  the  adipose  is  leaden  coloured,  and, 
in  rare   instances,   after   death  or  under  peculiar  circumstances  has  a   narrow 
orange  tip.* 

Varieties. — Although  among  the  British  Salmonidce,  when  not  kept  in  any 
unnatural  condition,  the  salmon  is  perhaps  the  form  in  which  the  fewest 
variations  are  seen,  still  some,  affecting  either  its  shape  or  else  its  colour,  arc 
occasionally  present. 

Inform. — Are  more  commonly  perceived  among  the  young  artificially  hatched, 
two  or  even  more  heads  may  be  found,  one  with  three  heads  was  born  in  the 
spring  of  1879,  but  as  soon  as  the  yolk  sac  was  absorbed  the  fish  died  {Anglers 
Note  Boole,  p.  79).  Arrests  of  development,  as  of  the  upper  or  under  jaw,  of  one 
or  more  fins,  or  other  portions  of  the  body,  or  spinal  curvatures  are  occasionally 
observed.  It  may  be  mentioned  that  a  few  fish  salesmen  and  some  fishermen  believe 
they  can  tell  from  external  appearances  the  river  the  various  salmon  have  come 
from.  Salmo  argenteus,  Gunther,t  is  a  kelt-like  form,  its  elongated  condition 
probably  owing  to  disease  or  starvation,  possibly  the  latter  as  it  had  been  kept  m 
a  fresh-water  pond.  Another  form  is  Salmo  gracilis,  Couch,  examples  of  which  I 
had  the  opportunity  of  examining  at  Teignmouth  and  Torquay  in  1882  and  1883.  J 
In  coloiir. — Occasionally  quite  brown  salmon  are  captured  in  fresh  waters, 
especially  towards  the  close  of  the  season,  which  would  appear  to  be  due  to  a 
prolonged  fresh-water  residence.  Mr.  Ffennell  recorded  having  taken  them  of  a 
copper  colour  in  the  early  lakes  having  the  ova  not  very  far  advanced. 

Opinions  differ  as  to  whether  local  races  of  salmon,§  distinguished  by  well 

time,  age,  and  locality.  At  Howietonn  the  grilse  raised  and  kept  in  fresh  water  arc  more  spotted 
than  those  which  have  visited  the  estuaries  or  seas. 

*  Young  Lochlevcn  trout  have  their  adipose  fins  usually  without  a  trace  of  orange  m  them. 

t  The  spots  on  the  head,  dorsal  fin,  and  body  are  more  what  is  generally  seen  on  Salmo  tnitta 
or  a  gi-ilse  reared  in  fresh  water,  otherwise  the  fish  is  identical  with  S.  salar,  but  reliable 
characters  would  scarcely  be  expected  to  be  well  marked  in  a  fish  either  ill  or  nearly  starved, 
anyhow  as  lean  and  lanky  as  a  kelt.  ,    .    /,    ,  .i        •  i 

I  In  a  male  were  61  and  in  a  female  were  71  cfccal  appendages:  their  flesh  was  rather pmk, 
and  as  food  they  were  not  so  rich  as  salmon  from  northern  rivers,  while  they  are  said  sometimes 
to  be  hard,  woolly,  and  deficient  in  the  curdled  richness  that  is  present  between  the  flakes  of 
fresh-run  Severn  salmon.  The  reason  why  these  fishes  are  of  this  elongated  description  is 
locally  said  to  have  first  been  due  to  the  river  having  been  poisoned  with  mme  water,  and  it 


^•as 

_  time 

previoVsiyone'"wa"s  taken  in' the  same  place  48  inches  long,  which  only  weighed  35  lb.     In  the 

Tay,  July,  1886,  one  53  inches  long  weighed  54  lb.,  and  in  March  an  Irish  fish  31  inches  long 

weighed  144  lb.  .,  ^   i    ,  ^i     xt    ^i       j 

§  In  the  Beijort  of  the  Salmon  Covimhsion  for  1824,  Mr.  James  Wilson  asserted  of  the  North  and 
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marked  characters,  exist  in  our  rivers,  and  if  fisli  from  tlieir  appearance  could  Le 
clearly  referred  as  having  been  received  from  certain  -waters.  Speaking  generally, 
tlierc  would  be  nothing  very  remarkable  in  the  existence  of  peculiarities  in  local 
races  due  to  local  circumstances.  Thus  we  are  told  that  the  higher  the  latitudes, 
as  a  rule,  the  smaller  the  fish,  possibly  one  result  of  cold  and  a  diminished  food 
supply  affecting  their  size  :  the  form  of  the  body  is  mnch  deeper  in  some  races 
than  it  is  in  others*  :  and  local  causes  may  modify  the  taste  as  to  its  richness 
or  dryness  for  food,  &c.,  also  the  external  colour  or  that  of  the  flesh  internally-t 

South  Esks  at  Montrose,  that  "  the  species  of  salmon  is  quite  different  in  these  two  rivers,  one  is 
a  large  coarse  scaly  fish,  and  the  other  a  smaller  and  finer  fish  "  (p.  14).  Mr.  Bell  stated  that  the 
"  Aberdeen  fish  is  quite  different  from  the  Tay,  different  in  the  scale  "  (p.  28).  Mr.  Little  stated 
that,  "  I  believe  that  every  river  has  a  peculiar  kind  of  fish  attached  to  it,  both  as  to  salmon  and 
grilse.  We  have  three  fishings  that  fall  all  into  one  bay  in  Ireland,  the  Bush,  the  Ban,  and  the 
Foyle  ;  and  we  can  easily  distinguish  the  fish  of  all  the  different  rivers  when  we  take  them.  The 
salmon  in  the  Bush  is  a  long-bodied  round  salmon  nearly  as  thick  at  the  head  as  he  is  at 
the  middle.  The  salmon  that  we  kill  at  the  Ban  is  what  I  call  a  very  neat-made  fish,  very  broad 
at  the  shoulders,  and  the  back  fin  tapering  away  towards  the  tail,  and  quite  a  different  shaped 
fish  from  the  Bush  fish.     The  Foyle  is  a  river  that  we  seldom  get  any  large  salmon  in  "  (p.  112). 

In  the  Report  of  the  Committee  on  the  Sahnon  Fisheries  for  1824,  the  following  evidence  was 
given  by  witnesses.  Mr.  J.Wilson  deposed:  "I  am  fully  of  opinion  that  every  river  has  a 
peculiar  breed  of  salmon :  they  all  return  to  the  same  river  where  they  were  bred.  ...  I  have 
attended  a  few  weeks  in  the  year  at  Montrose  :  there  are  two  rivers ;  the  South  Esk  is  about  four 
miles  from  the  North  Esk,  and  the  species  of  salmon  is  quite  dift'erent  in  the  two  rivers."  J.  Bell 
deposed  as  his  reason  for  believing  distinct  races  of  fish  came  from,  and  returned,  tothe  same 
river,  "because  there  are  different  sizes  :  because  the  Isla  fish  is  not  above  7  lb.  or  8  lb.  in  weight: 
the  Tay  fish  on  the  average  is  from  12  lb.  to  14  lb.  weight,"  and  in  his  opinion  the  fish 
always  ascended  the  river  where  they  are  bred.  "  Fish  take  their  own  rivers  :  the  Aberdeen  fish 
is  quite  different  from  the  Tay,  different  in  the  scale."  J.  Proudfoot  thought  that  fish  bred  in  a 
river  will  endeavour  to  return  to  that  river  again :  one  reason  being  on  account  of  the  weight  of 
the  fish  in  the  Tay,  which  were  rather  above  what  he  had  seen  in  the  Tweed,  and  that  the  stake 
nets  being  placed  along  the  shore,  to  the  eastward  of  the  mouth  of  the  Tay  there  are  fish  of 
about  the  same  average  weight  caught  there  as  in  the  Tay.  Small  fish  were  deemed  Isla  fish, 
larger  ones  Tay  fish,  but  were  he  to  take  fish  in  the  Frith,  he  could  not  say  to  which  river  they 
belonged.  J.  Halliday  stated  that  he  could  not  distinguish  between  the  fish  caught  in  one  river 
from  those  caught  in  another  if  they  were  of  exactly  the  same  size  and  make,  and  taken  at  the 
mouth  of  the  river,  and  he  did  not  believe  in  the  stated  differences  (I.e.  page  87). 

Mr.  Loch  remarking  of  the  Shin  river  in  Sutherlandshire,  observed  that  "  the  river  is  divided 
into  three  nearly  equal  parts.  The  upper  and  lower  portions  having  a  fine  gravelly  bottom  and  full 
of  excellent  spawning  beds.  The  central  portion  consists  of  a  series  of  rocky  rapids  tcnniuating  in 
a  considerable  cataract,  up  which  none  but  the  most  powerful  fish  could  make  their  way  :  this 
impediment,  together  with  the  absence  of  all  cruive  dikes  until  the  year  1788,  appears  to  have 
produced  an  uncommonly  large  breed  of  fish :  for  up  to  a  recent  period  many  salmon,  weighing 
from  30  lb.  to  40  lb.  were  caught  in  this  river :  but  as  it  became  more  closely  fished  their  size 
diminished."— il/a£r.  Nat.  Hist,  i,  1837,  p.  208. 

Mackenzie  {Salmo7i  Fishery  of  Seotland,  1860,  page  16)  considered  that  every  river,  and  even 
every  branch  and  tributary  stream  of  a  river  in  which  salmon  are  produced,  has  a  variety  of  the 
species  peculiar  to  itself,  and  which  return  regularly  to  it  from  their  migration  to  the  sea.  He 
remarked  that  "  in  some  rivers  they  are  long  and  narrow  or  lank  ;  in  others  broad  and  short— so 
broad  and  so  short  that  when  cut  up  they  are  nearly  circular.  In  one  river  we  find  all  the  salmon 
straight  in  the  back — in  another  round  or  hog  backed.  In  some  rivers  their  heads  are  all  large 
and  clumsy — in  others  small  and  neat.  Even  in  the  spots  and  scales  there  is  often  a  visible 
difference.  In  short,  the  distinctions  are  so  numerous  that  it  is  needless  to  detail  them.  The 
salmon  of  some  rivers  are  so  strongly  marked  that  a  stranger  would  recognize  them  at  a  glance, 
while  he  would  only  be  sensible  of  the  distinctions  between  them  and  others  by  comparing  them, 
when  the  difference  would  strike  him  at  once  "  (p.  17). 

Mr.  Willis-Bund  considered  that  in  the  Lower  Severn  "  different  kinds  (or  races)  of  salmon 
are  met  with.  There  is  the  ordinary  Severn  fish  :  a  longer  and  lankier  fish  is  said  to  be  a  Wye 
fish:  a  short  thick  fish  that  the  fishermen  speak  of  as  "  Uskers."  The  two  last  he  has  not 
seen  above  Tewkesbury  Weir,  but  forms  so  vary  that  he  considers  it  as  "  almost  impossible 
even  for  the  most  experienced  to  say  positively  that  such  a  fish  belongs  to  a  particular  river " 
(Salmon  Prohlems,  p.  140). 

*  Norris  tells  us  that  at  Pulaski,  "  there  were  formerly  three  salmon  streams  in  this 
vicinity— Grindstone  Creek,  Deer  Creek,  and  Salmon  River,  and  each  stream  had  a  different 
type  of  fish.  An  experienced  fisherman  would  readily  tell  from  which  stream  a  fish  was  caught, 
though  they  were  but  four  miles  apart.  In  Deer  Creek  the  fish  were  long  and  slim,  in 
Grindstone  short  and  chubby,  and  in  Salmon  River  large  and  heavy  "  (American  Angler,  p.  177). 

t  Superior  forms  may  be  inherited,  or  else  be  owing  to  the  greater  abundance  and 
more   nourishing   character  of   the  food  present  in  the  sea  feeding-grounds  of  some  than  it 
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If  early  ascent  is  inherent  in  a  race,  it  nmst  he  evident  that  were  tho  eggs  oi. 
snch  transferred  to  a  'Mate"  river,  it  woukl  cause  the  introduction  of  an  early- 
ascending  hreed  of"  salmon.* 

Se.vual  distinctions. — The  male  at  the  hrceding  season  lias  a  hook,  knoh,  or 
Icype  developed  at  the  upper  surface  of  the  end  of  the  lower  jaw,  which  dis- 
appears by  degrees,  often  by  tlic  time  it  has  become  a  Avcll-mcnded  kelt,  uidess 
the  fish  is  a  very  old  one,t  Avhen  the  bony  portion  of  this  swelling  cannot  Ijc 
absorbed.  (Plate  1.)  The  cause  of  the  existence  of  a  knob  on  the  lower  jaw 
of  male  salmon  and  ti'out  has  been  a  fruitful  cause  of  discussion  from  early  ages 
down  to  the  present  day.  We  find  that  male  pars  or  smolts  whose  milt  is  ca])aljle 
of  fertilizing  eggs  possess  no  such  knob,  but  as  years  pass,  one  becomes  more  and 
more  prominent.  It  annually  augments  at  the  breeding  season  and  partially 
diminishes  in  size  subsequently,  as  age  advances  that  portion  of  the  head  which 
is  anterior  to  the  nasal  valves  seems  to  double  its  previous  proportional  length 
or  what  is  seen  in  the  female.  At  first  the  lower  jaw  increases  in  length  more 
than  do  the  bones  of  the  snout ;  consequently,  the  prenasal  portion  is  found  to 
be  only  one-half  of  the  comparative  length  to  Avhat  obtains  in  very  old  fish, 
but  as  the  knob  grows  on  the  upper  edge  of  the  extremity  of  the  mandibles,  it  is 
placed  when  the  mouth  is  closed  anterior  to  the  front  edge  of  the  snout,  where 
tliere  is  often  a  sore  spot  caused  by  abrasion.  But  after  a  few  years  the  snout 
and  upper  jaw  commence  growing  more  rapidly  than  the  mandibles,  and  as  a 
result,  the  knob  becomes  overlapped  by  the  snout,  and  then  it  presses  against 
and  is  received  into  a  large  depression,  situated  between  the  two  ascending 
portions  of  the  premaxillaries  which  are  freely  movable.  Thus,  although  the  hook 
may  press  against  the  palate,  it  can  do  so  without  occasioning  any  injury,  because 
the  parts  give  way  before  it.  But  should  any  ii*ritation  occur  at  this  spot  it  might 
ulcerate  through  the  soft  parts,  when  it  would  aj^pear  above  the  snout  or  on  tlic 
upper  profile  of  the  head.  When  this  takes  place,  movement  in  the  upper  jaw 
would  be  difficult  or  impossible,  and  the  fish  would  as  a  consequence  become 
starved. 

The  knob  appears  to  bo  entirely  composed  of  connective  tissue,  J  so  cannot  fall 
off,  but  may  be  moi*e  or  less  absorbed, §  as  it  doubtless  is  after  the  breeding  season. 


is  of  others :  to  the  temperature  of  the  water  or  to  the  unwholesomeness  of  some  rivers,  either 
acting  directly  on  the  contained  fish,  or  in  a  secondary  degree  through  the  medium  of  their 
offspring  which  may  be  a  weakly  race.  It  may  also  be  worth  inquiring  whether  the  present 
continuous  modes  of  fishing  estuaries  and  capturing  all  the  large  salmon  which  are  ascending, 
leaving  the  smaller  fish  mostly  to  continue  their  kind,  may  not  be  causing  deterioration  of 
breeds. 

*  Some  rivers  may  possess  an  early  and  a  late  breed  (i.e.,  if  fish  always  return  to  the  stream 
of  their  birth)  should  it  have  tributary  streams  in  which  these  fish  can  breed  early  or  late,  still 
all  must  ascend  the  main  channel. 

t  July  31st,  1886,  a  large  salmon,  in  fair  condition,  was  in  a  fishmonger's  shop  at  Cheltenham 
having  a  very  large  hook,  but  no  orange  colouring,  here  the  knob  was  probably  persistent  from 
age  :  the  succeeding  month  (August  24th)  there  were  three  more,  but  all  had  orange  markings  on 
the  head  and  body.  On  June  6th,  1886,  a  fine  36  lb.  fish  had  only  a  small  and  soft  knob,  either 
increasing  or  diminishing. 

X  Professor  Gadow,  who  was  so  good  as  to  make  sections  of  one  and  stain  it  with  carmine, 
thus  remarked,  "  The  hooks  consist  entirely  of  fibrous  connective  tissue,  without  any  traces  of 
cartilaginous  cells  in  it,  the  whole  being  surrounded  by  the  epiderm.  Therefore  the  liook  cannot 
be  looked  upon  either  as  an  outgrowth  of  the  bones  of  the  lower  jaw,  or  as  a  sort  of  horny  excres- 
cence like  horns,  nails,  or  pads  such  as  toads  possess  on  the  palms  of  their  hands.  But  as  a 
periodical  outgrowth  of  the  cutaneous  connective  tissue  which  surrounds  the  body,  being  situated 
between  the  epiderm  and  the  bone,  without,  however,  having  any  relation  to  the  periosteum.  This 
cutaneous  connective  tissue  nature  explains  why  and  how  the  hook  can  again  be  absorbed,  or 
rather  re-absorbed  after  the  season  is  over.     Certainly  it  cannot  be  shed." 

§  Several  authors  speak  of  this  knob  "  falling  off ''subsequent  to  the  breeding  season,  but  it 
can  only  be  gradually  absorbed,  and  when  the  bone  itself  grows  (as  seen  in  plate  1,  fig.  1)  the 
bony  tissue  cannot  be  removed.  The  statement  made  in  The  Field  by  Mr.  George,  February  16th, 
1884,  must  evidently  have  been  written  under  some  extraordinary  error :  "When  the  fish  has 
reached  a  certain  stage  in  the  kelt  state,  the  hook  gradually  loosens  at  what  seems  on  examination 
to  be  a  kind  of  joint  just  where  the  point  of  the  nose  should  be  in  the  fish,  a  slight  tap  when  it 
has  arrived  at  this  stage,  or  slight  pressure  on  the  gravel,  will  dislodge  it.   I  have  dislodged  many. 
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Old  females  frequently  show  small  knobs,  and  instances  have  been  recorded 
in  winch  large  ones*  have  existed,  and  still  the  fish  has  been  fertile.  Other  sexnal 
distinctions  have  already  been  referred  to  (page  23  aiitf). 

Navies. — Speaking  generally  this  fish  in  its  full-grown  condition  is  known  as  the 
salmon;  in  the  Severn,  one  on 'its  second  return  from  the  sea  is  often  called  a  gerl- 
ing  or  gillion  or  gilling  (this  term  seems  to  be  one  which  is  mostly  used  in  order  to 
refer  to  the  size  of  the  fish,  as  fi^om  8  lb.  to  15  lb.)  or  a  botcher  on  its  first  return 
when  under  5  lb.  weight,  although  the  more  general  designation  is  grilse  (Pennant 
termed  them  gilse) ;  when  under  2  lb.  weight  it  is  usually  termed  salmon-2>eal  by 
■  fishmongers.  From  one  to  two  years  old,  before  it  has  gone  to  the  sea  it  is  known 
as  a  par,'\  innJc,  smolf,  smelt,  salmon-fry,  sprag,  ov  salmon-spring  (Northumberland), 
samlet,  hrandling,  fingerling,  hlach-fin,  blue-fin,  shed,  sl-egger,  gravelling,  hepper, 
laspiring,  gravel-laspring,  sJcerling,  or  sparling  in  Wales ;  spaion  (in  the  Dart, 
A.Pike):  iHoor-r/cd  (Exmoor)  :  mor^afe  (Somersetshire):  s/rca^jer  (in  the  Tamar, 
W.  Mason).  Isaak  Walton  used  the  terms  tecon,  samlet  and  slceggcr  for  the  young 
of  the  salmon.  A  third-year  salmon  is  known  as  o^  pug  (Halliwell).  In  Northum- 
berland a  "milter"  or  spawning  male  is  known  as  a  summer-cock  or  gib-fish, 
and  a  salmon  as  a  simcn.  In  the  Severn,  a  salmon  which  has  remained  in 
fresh  water  during  the  summer  without  going  to  the  sea  is  termed  a  laurel,  but 
usually  applied  there  to  a  well-mended  kelt.  After  spawning  it  is  a  helt  or 
slat,  but  a  male  is  generally  termed  a  hipperX  and  a  female  a  shedder  or  a  bag  git,  this 
latter  term  according  to  Jameson  means  "  pregnant  "  or  "  gravid  "  fish  :  also  at 
Inverness  as  macks  and  shiags  (Eraser).  In  the  Kibble,  according  to  Willoughby, 
salmon  of  the  first  year  were  termed  smelts,  of  the  second  year  sprods,  of  the  third 
year  morts,  of  the  fourth  year  fork-tails,  of  the  fifth  year  half-fish,  of  the  sixth  year 
salmon.^  Dr.  Davy  also  observed  that  mort  and  sprod  were  names  used  in  Cumber- 
land indiscriminately  to  the  salmon  and  salmon-trout.  In  an  old  work  we  are  told 
that  in  the  north  of  Scotland  the  fry  were  tei-med  brood  and  cockspier,  and  Stoddart 
mentioned  the  largest  and  most  compactly  built  ones  being  called  grcy-schule  which 
ascend  for  spawning  in  October  until  February,  In  the  Tay  those  exhausted  during 
spawning-time  are  termed  Mofi^at-men  {Parliamentary  Commission,  1824,  p.  61). 
The  designation  hdl-salmon  and  bull-pinks  employed  in  the  Kirkcudbright  Dee 
has  been  said  to  refer  to  well-mended  kelts.  In  Ireland  Sampson  remarked  upon  a 
samlet  ov  jerkin  which  Tighe  termed  a  ginkin,  but  the  term  par  was  more  frequently 
employed  to  the  north  and  gravel-ing  to  the  south.  Par  are  also  termed  rack-rider 
or  sprats  and  larger  ones  leaders  (Miller).  At  Kerry  a  kelt  is  termed  judy,  and 
Rutty  stated  that  a  grilse  was  called  a  graiol,  and  Johnston  that  it  was  known  in 
Lough  Foyle  as  a  grayling.  Welsh,  caxvg,  male  salmon :  cemyiv  hwyddell,  female 
salmon :  spawning,  maran,  or  a  salmon  on  his  third  retui^n  from  the  sea  (Severn). 
{gleisiedyn,  cog,  and  maran,  Pennant.)       Be  Zalm,  Dutch.     Le  Saumon,  French. 

A  correspondent  of  Land  and  Water  (Scotxcs,  March  27th,  1880)  gave  a  list 
of   the    Gaelic  names  for  salmon  in  the  Highlands  of  Scotland  as  follows : — 

The  fish  after  this  is  rather  snub-nosed,  and  the  point  is  rather  indented  and  Hght  coloured,  but 
it  soon  wears  smooth  and  resumes  its  proper  shape."  The  slight  tap  to  render  a  salmon,  such  as 
I  have  figured,  "  snub-nosed,"  would  have  to  break  off  most  of  the  premaxillary  bones  (No.  17) 
and  the  anterior  end  of  the  mandibles  (No.  34);  and  even  then,  should  the  fish  survive,  its  snout 
would  never  "wear  smooth  and  resume  its  proper  shape." 

*  In  1884,  when  fishing  aj  river  in  N.W.  Eoss-shire,  I  killed  a  salmon  having  most  fully 
developed  the  "  horny  projection,"  and  the  same  day  another  salmon  was  killed  by  a  friend, 
also  having  the  same  horny  projection.  These  two  fish  on  being  cut  up  were  both  found  to 
contain  well-developed  ova,  and  were  undoubtedly  female  fish.  A  third  friend  who  had  fished 
the  same  river  for  ten  years,  said  to  us,  that  only  once  before  had  a  similar  case  come  under  his 

notice The  first  two  fish  weighed  about  the  same,  viz.,  11  lb.  (J.  Harvie-Brown,  Zoologist, 

May,  1886,  page  215). 

t  Jameson  in  his  Scottish  Dictionary  spells  this  form  jwr,  and  parr  appears  to  be  a  modern 
innovation. 

\  In  Acts  of  Parliament  passed  in  the  time  of  Queen  Anne,  Salmon  strikes  or  Icijipers  are 
mentioned. 

§  Prior  to  1861,  when  angling  for  young  salmon  was  stopped  in  the  Severn  above  Shrewsbury, 
the  March,  April  and  May  shcals  formed  of  pars  or  pinks  were  known  as  salmon-fry,  and  the 
autumn  smolts  as  samkts. 
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Salmon — Brddan,  Glas-h/ircac:  grilso — Gcalag-Bnnag :  hc-salmon — Briidan-firionn: 
she-salmon — Brddan-cheirionn  :  clean  salmon — Drddau-glan,  Urbhreae  :  foul  sal- 
mon— Brddan-salacli  :  male  unspawned  Hiilmou—Brddaa-inchrafjach  :  female 
nnspa^Ynel.l  salmon — Brcidan-inhcalagach:  male  spawnetl  salmon — B rddan-ruithle : 
female  spawned  salmon — Brddan-claidhfe  :  a  lean  oi-  spent  salmon  of  either  sex — 
Blionach,  MatJiacJr,  Blianag,  TJuhli-hhrddan  :   par,  Brlcein* 

Habits. — The  salmon,  as  already  observed,  is  an  anadromous  fish,  which  enters 
rivers  mostly  for  the  purpose  of  depositing'  its  spawn  in  a  locality  where  its  eggs 
will  be  hatched  and  its  fry  reared.  Daring  tlio  summer  months  it  roams  alono- 
our  coasts  in  search  of  food,  and  may  be  found  close  in  shore  many  miles  from 
where  any  fresh  water  enters  the  sea,  loitering  in  estuaries  and  also  at  the  mouths 
of  rivers  np  which  it  purposes  ascending.f 

The  migrations  of  the  salmon  at  its  various  ages  and  during  different  seasons  of 
the  year  have  long  been  themes  for  discussion  at  every  stage  of  their  occurrence. 
These  fish  are  "anadromous"  or  forms  Avhich  enter  our  rivers  chiefly  for  the 
purpose  of  perpetuating  their  race,  for  this  cause  they  select  suitable  spots 
wherein  to  dejjosit  their  eggs,  here  the  young  are  hatched,  and  remain  in  the 
stream  for  the  first  years  of  their  existence.  Consequently  during  their  youth 
they  live  and  feed  in  fresh  water,  as  they  grow  older  they  descend  as  smolts  to  the 
sea,  from  whence  after  a  time  they  return  as  grilse  and  salmon  to  the  rivers, 
thus  the  waters  they  select  for  their  residence  differ  from  each  other  in  their 
specific  gravity,  taste,  temperature  and  produ.cts. 

Where  these  fish  pass  their  sojourn  in  the  sea  has  not  yet  been  satisfactoiily 
cleared  up,  J  neither  does  the  practical  fisherman  much  concern  himself  with  this 
question  as  he  is  unable  to  capture  them  there,  while  the  fish-culturist  is  awai'e 
that  their  eggs  will  not  hatch  if  deposited  in  salt  water. 

It  will  be  necessary  prior  to  following  out  these  migrations  to  observe  upon 
tbe  terms  "early"  and  "  late  "  rivers,  for  among  the  many  problems  respecting 
salmon  and  their  fisheries  there  is  none  which  exceeds  in  importance  how  to  legis- 
late for  these  different  classes  of  streams.  These  terms  "early"  and  "late"§  are 
employed  in  two  different  senses,  one  person  alluding  to  the  ascent  of  clean  fish  in 
relationship  to  the  time  of  the  year,  wbile  another  does  so  as  regards  their  ascent 
for  breeding  or  the  period  of  their  spawning,  a  sense  in  which  it  is  not  understood 
in  the  following  pages. 

Early  rivers  are  those  in  which,  clean-run  salmon,  fit  for  the  market,  ||  ascend 
during  the  first  months  of  the  year,  as  in  February,  or  even  in  January ;  while 
these  ascents  are  deferred  much  later  in  other,  and  occasionally  even  in  contiguous 
streams,  and  this  gives  rise  to  the  inquiry  of  at  what  time  sufficient  numbers  of 

*  J.  Josselyn  writing  in  1075  refers  to  the  sahnon  of  New  England  as  in  the  first  year  a 
salnion-smolt,t\\e  second  as  a  mort,  the  third  as  a  spraUl,  the  fourth  as  a  soar,  the  fifth  as  a  sorrel, 
the  sixth  as  a,forl;et-tail,  and  the  seventh  as  a  salmon,  sliowing  that  even  in  those  days  differences 
had  been  observed  in  the  various  stages  of  growth  of  this  fish. 

t  Pennant  asserted  that  the  salmon  quitted  the  sea  to  free  itself  from  parasites,  and 
Dr.  Anderson  considered  that  they  again  quitted  the  fresh  water  owing  to  being  infested  with 
another  form  of  vermin. 

I  In  the  Baltic,  Judge  Fiedler  observed  that  a  salmon  about  18  lb.  weight  was  caught  in  a  seine 
in  the  Great  Belt,  south  of  Korsor,  in  which  was  a  somewhat  compressed  brass  hook,  similar  to 
those  formerly  described  by  Malmgren,  so  no  doubt  the  salmon  must  have  swallowed  it  and 
carried  it  from  the  North  German  coast  of  the  Baltic  (Bulletin,  United  States  Fish  Commission, 
1885,  p.  185). 

§  Eussel  (The  Salmon)  observed  that  "there  are  great  differences  between  rivers  regarding 
the  periods  in  late  winter  or  early  spring  at  which  they  contain  clean  fish  in  quantities  sufficient  to 
render  fishing  profitable,  and  have  got  rid  in  any  considerable  degree  of  the  foul  fish,  spawned  and 
unspawTied."  He  suggested  terming  the  rivers  "  short-seasoned  "  and  "  long-seasoned,"  as  he  was 
not  of  opinion  that  there  is  much  difference  between  rivers  at  the  end  of  the  season — the  season 
at  which  a  greater  or  less  proportion  of  the  fish  begin  to  get  gravid  and  out  of  condition.  Likewise, 
it  has  been  considered  that  breeding  commences  somewhat  earlier,  or  that  the  fish  complete  their 
spawning  operations  in  a  shorter  time  in  some  rivers  than  in  others  ;  in  either  of  which  cases  they 
would  return  earlier  into  condition  than  in  localities  where  reproduction  was  deferred  until  late,  or 
extended  over  a  longer  period. 

II  Clean  salmon  are  much  earlier  in  some  rivers  than  they  are  in  others.  G.  Little,  giving 
evidence  before  the  Parliamentary  Comviission  in  182-1,  observed  "  that  the  Eden  is  earlier  than 
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clean  fish  may  be  pvesent  in  a  river  -n'liicli  might  he  reasonably  captured  for 
food  without  injuriously  affecting  future  years'  supply?*  These  fish  are  well 
conditioned,  and  some  may  be  observed  ascending  during  almost  every  month  of 
the  year. 

the  Esk  or  the  Annan  ;  the  fish  enter  it  earlier  than  they  do  the  others  by  nearly  six  weeks  .... 
Fishing  in  the  Solway,  the  Eden,  and  the  Dee  at  Kirkcudbright,  might  commence  on  the  2nd 
of  February ;  but  in  the  Annan,  the  Esk,  and  the  Nith,  should  not  begin  earlier  than  the  middle 
of  March  .  .  .  The  salmon  that  are  caught  in  the  Dee  are  quite  out  of  season  fully  a  month  before 
they  are  in  the  Nith  and  the  Annan  ;  these  are  two  very  late  rivers."  He  likewise  stated  that  in  the 
Nith  last  season  his  tenant  commenced  on  the  11th  March.  He  was  informed  that  he  then  killed 
upwards  of  200  salmon,  some  of  them  positively  not  spawned.  J.  Proudfoot  deposed  that,  "  in 
the  spring  of  the  year  the  fish  always  occupy  the  north  side  of  the  Tay  (i.e.,  the  sunny  side  of 
the  river).  The  north-side  fishing  kills  far  more  fish  than  the  south  side  "  {Report  of  Commis.^ion 
for  1824,  p.  28). 

In  Yorkshire  their  ascent  as  fresh-run  fish  varies  greatly,  and  is  dependent  upon  the  state 
of  the  rivers,  if  either  July,  August,  or  September  are  wet  the  salmon  commence  running  from  the 
sea,  if  otherwise,  their  ascent  is  delayed  until  the  autumn  rains  set  in  {Yorkshire  Vertebrata,  p.  126). 
,S'/;-  WiUiam  Jardinc  observed  that  the  causes  influencing  ascent  are  as  yet  undecided,  and 
where  the  time  varies  much  in  neighbouring  rivers  they  are  less  easy  of  solution,  \yitli  but  few 
exceptions  the  northern  rivers  are  the  earliest,  and  it  has  been  suggested  that  this  variation  in  the 
season  may  be  dependent  upon  the  temperature  of  the  water,  and  that  such  Highland  rivers 
as  have  their  origin  in  large  lochs  are  all  early  owing  to  the  great  mass  and  warmer  temperature 
at  their  sources,  and  that  the  eggs  in  such  localities  are  earlier  hatched.  Thus  the  Oykel  in 
Sutherlandshire,  springs  from  a  small  Alpine  lake,  perhaps  about  half-a-mile  in  breadth:  while 
the  Shin,  which  is  a  tributary  of  it,  coalescing  at  about  five  miles  from  its  month,  takes  its  rise 
in  Loch  Shin,  a  large  and  deep  extent  of  water,  and  connected  to  a  chain  of  other  lochs.  The 
river  Shin,  from  its  course  between  the  loch  and  the  tideway  of  the  Kyle,  has  its  temperature 
several  degrees  higher  in  winter  than  the  waters  of  the  rivers  Oykel  and  Cassley,  with  which  it 
mingles  on  entering  the  Kyle  ;  and  the  temperature  is  several  degrees  lower  in  summer  than  the 
waters  of  the  long-run,  hill-collected,  and  sun-heated  rivers.  "  To  be  sure  respecting  the  tempera- 
ture, a  thermometer  was  regularly  kept.  The  salmon  soon  finds  out  the  warmer  side  of  the 
estuary,  and  the  river  from  which  that  warm  water  flows.  It  is  well  known  that  salmon  during 
the  winter  and  spring  months,  when  the  water  of  the  warmest  river  is  cold,  always  run  on  the 
sunny  side  of  the  estuary,  that  is,  as  much  as  possible  on  the  north  side,  and  there  during  that 
time  the  run  of  fish  is  to  be  found.  In  the  summer  months,  that  is,  after  the  1st  of  May,  the  fish 
run  on  the  opposite  side  of  the  estuary.  The  high  temperature  of  the  water  at  that  time  induces 
them  to  seek  as  much  as  possible  to  get  under  the  cool  shade  of  the  south  banks,  where  there  is  the 
least  influence  of  the  sunbeams.  Of  the  many  rivers  going  into  the  estuary,  the  only  one  which 
produces  early  fish  is  the  warm  Shin." 

Bvcldand  considered  that  clean-scaled,  well-developed,  fat  fish  run  up  some  rivers  durmg 
February  and  March,  possibly  earlier ;  that  these  ascending  fish  must  meet  the  descending  kelts. 
Or  in  short  that  there  is  a  small  sjyring  migration  ascending  in  contradistinction  to  the  usual 
large  antumnal  migration  for  breeding  purposes.  He  found  that  the  amount  of  fat  upon  the 
pyloric  appendages  of  these  spring  fresh-run  fish,  less  than  what  is  seen  in  such  as  migrated  later 
for  breeding  purposes.  Denying  that  they  are  barren,  he  considered  that  they  would  not  breed 
the  season  they  ascended  the  stream,  or  in  fact  that  they  were  temporarily  sterile.  He  thought 
they  had  laid  up  sufficient  fat  in  the  sea  or  estuaries  to  take  a  run  into  fresh  water,  fancying  they 
might  be  the  early  kelts  of  the  previous  year,  which  having  reached  the  sea  in  January,  re-appear 
as  clean  fish  in  thirteen  months,  or  February  the  next  year,  or  even  very  large  fresh-run  fish  ni 
twenty-five  months,  or  February  the  succeeding  year.  He  likewise  remarked  that  it  is  impossible 
to  convert  a  "late"  into  an  "early"  river. 

*  According  to  Isaak  Walton,  "  so  there  are  some  few  rivers  in  this  nation  that  have  Trouts 
and  Salmons  in  season  in  winter,  as  'tis  certain  there  be  in  the  river  Wye  in  MomnoutlisJiire, 
when  they  be  in  season,  as  Camden  observes,  from  September  to  April." 

In  the  Beport  of  the  Salmon  Commissioners  for  1861  is  a  Table  showing,  as  far  as  could 
be  ascertained,  the  periods  at  which  the  local  justices  fixed  the  close  time  for  rivers  in  their 
respective  districts.  Thus,  in  the  Trent  and  Somersetshire  Avon  it  began  on  August  12th,  in  the 
Fvibble  August  31st,  in  many  rivers  in  September,  some  in  October,  others  in  November,  a  few  in 
December,  and  in  the  Devonshire  Avon  in  the  middle  of  January,  ceasing  on  May  6th.  These 
varying  periods  would  seem  to  show  either  that  the  salmon  bred  at  dift'erent  times  in  different 
rivers,  or  were  variously  in  season  at  difi'erent  places,  or  that  the  close  time  was  not  arranged 
solely'in  the  interests  of  the  spawning  fish,  some  having  probably  been  selected  in  order  to  allow 
the  trout  to  get  into  condition  before  being  fished  for. 

It  is  unnecessary  to  enter  upon  a  detailed  examination  of  how,  up  to  1858,  three  different  close 
seasons  were  in  force  in  Scotland,  and  which  period  was  supposed  to  be  fixed  in  accordance  with 
the  time  at  which  these  fishes  bred,  as  for  instance  in  the  Solway,  the  Tweed,  and  the  fisheries 
to  the  north  of  the  latter  river.  How  in  England  and  Wales,  up  to  1861,  the  close  season 
commenced  in  various  localities  from  August  12th  to  the  middle  of  January.  How  after  1861 
this  season  was  arbitrarily  fixed  between  September  1st  and  February  1st ;  and  how  in  1873  an 
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An  instance  has  been  adduced  how  a  river  that  was  orij^inally  an  early  one 
was  found  to  become  a  hite  one,*  and  wliieh  was  considered  to  l)e  a  result  of  tlie 
drainap^e  works  so  exteusi\'ely  carried  on  for  agricultural  purposes,  causing  the 
suinmi'r  floods  to  run  off  in  a  few  hours  instead  of  in  several  days,  as  had  been 
previously  the  case,  or  else  caused  by  other  obstructions. 

Irrespective  of  these  eai-ly  rivers,  so  termed  owing  to  the  period  at  Avhich 
clean  salmon  ascend,  we  have  the  migrations  of  these  fishes  up  rivers  in  a  gravid 
condition,  and  which  do  so  solely  for  spawning  purposes. f  The  secondary  causes 
which  induce  them  to  enter  streams  have  been  variously  defined  by  diiferent 
authors,J  but  more  especially  the  warmth  of  the  water  in  the  river  as  compared 
Avith  that  in  the  ocean,  while  of  two  rivers  that  which  is  the  least  cold  w^ll 
generally  bo  selected,  and  I  propose  to  briefly  consider  a  few  of  these  as  to 
whether  they  have  an  influence  in  certain  rivers  being  early  or  hite. 

Act  was  passed  permitting  the  commencement  of  the  close  season  to  be  varied  between  certain 
limits,  provided  it  did  not  begin  later  than  November  1st.  For  treating  all  rivers  in  an  identical 
manner,  whether  clean  lish  were  present  early  or  late  in  the  season,  and  insisting  upon  fishing 
beginning  or  leaving  off  on  a  specitied  day  in  all,  was,  as  ilhistratcd  by  a  Higliland  Laird,  when 
before  the  Salmon  Commission  of  1824,  about  "  as  sensible  a  plan  as  it  would  be  to  prohibit  the 
farmers  of  England  from  cutting  their  crops  till  the  harvests  were  ready  in  the  Highlands." 

*  The  Earl  of  Home,  in  1837  observed  "  that  in  the  Tweed  a  very  great  change  had  taken 
place  within  these  twenty  or  thirty  years  ;  a  considerable  portion  of  the  breeding  fish  not  arriving 
into  breeding  condition  until  long  after  the  time  they  had  formerly  been  in  the  habit  of  doing  so." 
The  first  inquiry  here  should  be  whether  this  had  happened  consequent  upon  any  changes  in  the 
river,  the  placing  of  artificial  obstructions  in  its  course,  or  an  alteration  in  tlie  natural  spawning 
time  in  the  fish  irrespective  of -the  condition  of  the  water.  The  river  itself,  it  was  observed,  "had 
changed,  due  to  the  draining  of  the  sheep  farms  on  the  hills,  the  effect  produced  being  that  a  little 
summer  flood  which,  previous  to  1795,  took  a  fortnight  or  three  weeks  to  run  off',  now  (in  1837) 
became  completely  run  out  in  eight  hours.  The  bogs  on  the  hill  sides,  which  were  the  feeders 
to  the  river,  have  the  water  at  once  carried  off  by  drains,  causing  sudden  but  short  floods,  which 
have  all  run  off  before  the  river  has  had  time  to  clear  itself."  Sir  11.  Davy  compared  the  Tweed 
district  as  it  was  prior  to  these  drains,  to  what  it  had  become  subsequent  to  their  construction — 
to  two  houses,  the  one  covered  with  thatch,  and  the  other  with  slate ;  the  first  dripping  for  hours 
after  the  rain  has  fallen,  the  other  ceasing  when  the  rain  stops. 

t  Professor  Huxley  [Beport  of  II.M.  Inspector  of  Fisheries,  1884,  page  2G)  suggested  that 
"  we  may  call  the  interval  between  the  ascent  of  the  earliest  and  that  of  the  latest  fish  in 
any  given  river  the  '  anadromous  period  '  of  the  river."  But  however  applicable  such  a  designa- 
tion might  at  first  sight  appear,  very  strong  objections  must  occur  to  restricting  such  a  term  to 
migrations  of  anadromous  Salmonidaj.  In  some  rivers  these  fish  only  ascend  during  the  spawning 
time,  while  char  migrate  at  the  same  season  for  breeding  purposes,  from  the  dejaths  of  lakes  or 
large  pieces  of  water,  to  suitable  streams  and  shallows,  in  order  to  deposit  their  ova  and  milt ; 
and  this  time  with  the  char  would  be  as  comjoletely  their  "  anadromous  period  "  as  when  similar 
conditions  in  the  salmon  caused  similar  movements  ;  but  char  are  not  usually  considered  to  be 
anadromous  forms :  even  carps  in  Asia  similarly  migrate  at  spawning  time,  as  well  as  many 
other  fish,  and  to  term  such  migrations  "anadromous  periods"  in  some  fish  and  not  in  others 
would  clearly  be  erroneous. 

X  James  Gillies  deposed  in  1824  respecting  the  Tay,  where  he  had  fished  for  twenty-six 
years,  that  "  when  I  first  went  to  Perth,  most  of  the  river  was  over  with  spawning  in  December, 
but  you  will  now  scarcely  see  one  fish  come  there  to  the  redd,  till  about  the  end  of  November, 
and  the  spring  time  for  spawning  is  generally  in  the  months  of  December  and  January." 

3Ir.  Buist  (1832)  stated  that,  "  from  his  own  observation  or  from  the  testimony  of  others  who 
have  had  opportunities  to  observe  it  very  minutely,  that  the  fish  begins  to  spawn  about  the  middle 
of  October  and  continue  until  about  the  end  of  January." 

The  Commissioners  appointed  in  1861  to  investigate  the  Salmon  Fisheries  of  England  and 
Wales  came  to  the  conclusion  that,  "  the  great  breeding  season  in  England  and  Wales  of  all  fish 
of  the  salmon  kind  is  in  the  months  of  November,  December,  and  January  ....  and  believe  it 
will  not  vary  more  than  a  fortnight  in  any  river  ....  in  some  seasons  it  may  connnence  a  little 
earlier,  or  be  continued  a  little  later,  but  the  principal  breeding  operations  are  performed  chiefiy 
in  the  three  months  mentioned." 

Yarrcll  considered  that  "rivers  issuing  from  large  lakes  afford  early  salmon,  the  waters 
having  been  purified  by  deposition  in  the  lakes ;  on  the  other  hand,  rivers  swollen  by  melting 
snows  in  the  spring  months  are  later  in  their  season  of  producing  fish,  and  yield  their  supply 
when  the  lake  rivers  are  beginning  to  fail."  The  general  impression  seems  to  have  been  that  the 
temperature  of  the  river  water  exercised  some  infiuence  in  acting  upon  the  time  at  which  they 
were  ascended  by  salmon  when  desirous  of  entering  for  breeding  purposes,  they  usually  first 
selecting  such  as  were  the  warmest. 

Dr.  Heysham  was  of  opinion  that  in  Cumberland  salmon  at  first  spawn  in  the  warmer  streams, 
leaving  the  snow-fed   ones  until  later  on ;   consequently,  during  the  winter  and   spring,  they 
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The  existence  of  lakes  near  tlie  sources  of  rivers  lias  been  held  to  influence  the 
carliness  or  lateness  of  its  waters.  In  England  and  Wales  we  find  such  conditions 
present  in  the  Eden,  70.}  miles  long,  ^viih.  a  catchment  basin  916  square  miles  in 
extent ;  the  Dee,  93  miles  long,  and  with  850  square  miles  of  catchment  basin  ; 

prefer  the  Eden  to  the  Esk,  the  Caldew,  or  the  Peteril.  The  two  first  rivers  enter  the  same 
estuary,  their  mouths  being  merely  separated  by  a  sliarp  point  of  land,  yet  there  is  scarcely  an 
instance  of  a  new  salmon  ever  entering  the  Esk  until  the  middle  of  April  or  beginning  of  May. 
The  fishermen  assert  that  the  Eden  is  considerably  warmer  than  the  Esk,  the  latter  having  a 
more  stony  bed,  shallower  stream,  and  broader  expanse.  When  snow-water  comes  down  the 
Eden  the  fish  will  not  ascend ;  by  the  beginning  of  summer  the  temperature  of  the  two  rivers  is 
about  the  same.  The  Peteril  joins  the  Eden  a  little  above,  and  the  Caldew  at  Carlisle  ;  yet  up 
these  rivers  the  salmon  never  run  unless  in  the  spawning  season,  and  even  then  in  no  great 
numbers. 

As  Inspector  of  Fisheries,  Professor  Huxley  in  his  Annual  Beport  for  1884,  entered  upon  his 
views  regarding  "early  "and  "late"  rivers.  Having  quoted  Yarrell's  observation,  "that  some 
rivers  are  much  earlier  than  others,  the  fish  in  them  coming  into  breeding  condition  and 
beginning  to  spawn  at  an  earlier  period,"  he  continued:  "I  am  not  aware  of  the  grounds  on 
which  Mr.  Yarrell  made  this  statement,  and  I  am  unable  to  discover  any  satisfactory  evidence 
that  it  is  well  grounded." 

Yarrell's  observations  on  this  point,  as  remarked  by  himself,  were  based  on  those  of  Sir  V/. 
Jardine,  who  had  remarked  in  The  Edinburgh  New  Philosophical  Journal  of  1835,  from  which 
Yarrell  quoted,  that  "it  is  a  mistaken  opinion  to  suppose  that  the  spawning  season  is  only  between 
October  and  February.  In  many  rivers  it  would  commence  in  the  end  of  August,  if  the  grounds 
and  entrance  to  the  rivers  were  left  open  and  unmolested  ;  and  in  some  of  the  Sutherland  streams 
which  have  been  left  undisturbed  for  the  last  two  years,  the  spawning  season  has  been  advanced 
by  a  month  or  six  weeks"  (pp.  48,  49).  But  he  seems  to  have  subsequently  changed  his  opinion, 
as,  in  the  Report  of  the  Salmon  Commission  of  1861,  of  which  he  was  President,  a  contrary  view 
was  held,  as  already  quoted. 

"  All  the  evidence,"  continued  Professor  Huxley,  "  to  which  I  have  access  tends  to  show  that, 
taking  all  the  salmon  rivers  in  England  and  Wales  together,  the  spawning  season  covers  more  or 
less  of  November,  the  whole  of  December  and  January,  and  more  or  less  of  February.  It  is  rare 
for  fish  to  spawn  as  late  as  March,  and  I  know  of  no  conclusive  evidence  that  they  spawn  earlier 
than  November"  (p.  28).  He  concluded  that  the  "  earliness "  or  "  lateness "  of  a  river  being 
affected  by  artificial  conditions  is  devoid  of  foundation,  while  there  is  no  evidence  that  any 
"  early"  river  was  formerly  made  "  late  "  by  late  fishing,  or  that  any  "  late  "  river  has  since  been 
made  "early"  by  early  cessation  of  fishing.  He  instanced  the  Cumberland  Derwent,  where  the 
coops  at  Salmon  Hall  Weir  used  to  be  fished  until  October  10th,  but  from  1861  have  been  closed 
on  September  1st  annually ;  but  there  is  no  evidence  that  the  fish  have  become  any  earlier  than 
they  formerly  were.  He  considered  the  problem  not  so  much  why  some  rivers  are  late,  as  why  so 
many  are  early — why  fish  should  ascend  months  prior  to  any  breeding  necessity  rendering  such 
advisable.  In  the  same  Eeport  the  Inspector  observed,  "  In  the  Tamar,  peal  are  said  to  be  ready 
to  spawn  in  August,  and  salmon  in  September.  In  the  Tavy  the  salmon  are  said  to  be  ready  to 
spawn  in  October,  but  the  peal  seldom  spawn  before  November.  I  very  much  doubt,  however, 
whether  anyone  ever  saw  a  salmon  or  a  peal  actually  spawning  so  early  as  August,  September,  or 
even  October.  The  opinion  that  they  are  '  ready  to  spawn  '  is  inconclusive.  Against  this 
evidence  may  be  cited  the  case  of  a  neighbouring  river,  the  Plym.  I  am  informed  by  Mr.  Henry 
Clark,  one  of  the  conservators,  that  the  fishermen  fishing  for  herrings  and  coarse  JisJi  iji  the  tidal 
icaters  of  the  Plym,  in  December  last,  caught  at  the  same  time  spent  peal  just  returned  fi'om 
spawning,  and  fresh-run  salmon  going  up  to  spawn ;  and  that  about  the  same  time  several  salmon, 
weighing  from  14  lb.  to  24  lb.,  killed  by  otters,  were  picked  up  below  the  weir  at  Canu  Quarry, 
'  full  of  peas,  nearly  ripe ;'  while  in  March  last  year  some  fresh-run  peal  going  up,  and  spent 
salmon  coming  back,  were  caught  together  between  the  weir  at  Cann  Quarry  and  the  tidal  waters." 
In  these  instances  it  is  to  be  regretted  that  neither  the  Inspector  of  Fisheries  or  his  assistant  took 
any  steps  to  personally  ascertain  the  condition  of  the  fish  in  these  rivers  at  the  period  referred  to, 
but  acceiDted  information  received  at  second  hand. 

"As  to  the  cause  of  early  and  late  rivers  for  salmon,"  remarked  Mr.  Pike,  the  Secretary  of  the 
Dart  Fishery  Board  (Land  and  ll'ater,  March  28th,  1885),  "  my  theory  is  that  a  'late  '  river  is 
only  caused  by  the  inability  or  difficulty  of  salmon  getting  to  the  upper  waters  to  spawn.  This 
may  arise  either  upon  a  small  river  where  the  water  is  insufficient  till  the  winter  floods  come,  or 
it  may  arise  from  artificial  obstacles  to  the  passing  of  the  fish,  such  as  weirs.  The  Dart  is  a 
marked  instance  of  the  latter  cause.  The  Totnes  Weir  entirely  prevented  fish  getting  up.  For  a 
great  many  years  the  river  had  been  netted  in  close  time  to  pass  salmon  over,  but  it  is  only  four 
seasons  ago  that  this  netting  was  permitted  before  the  rod  fishing  ended  on  October  31.  Ever 
since  the  salmon  were  passed  up  early  in  September  they  have  been  seen  spawning  high  up  on 
Dartmoor  as  early  as  the  first  week  in  October,  and  young  salmon  have  been  hatched  out  the  first 
week  in  January." 

Mr.  Willis-Bund,  in  Salmon  Problems,  1885,  remarked:  "  Mr.  Huxley  says  there  is  no  evidence 
that  it  (i.e.,  salmon  which  come  into  the  river  in  January  and  February)  will  spawn  before 
November.  The  evidence  of  the  Severn  goes  to  prove  it  would  spawn  in  October  "  (p.  166).  "I 
can  only  say  I  have  in  several  years  seen  fish  spa^Yning  in  October,  and  the  Severn  Superintendent 
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the  Dorwcnt,  35|  miles  long,  and  268  square  miles  of  catchment  basin;  the  Ehcn, 
14^  miles  long,  with  50  square  miles  of  catchment  basin  ;  the  Irt,  10}  miles  long, 
with  48  square  miles  of  catchment  basin  ;  and  the  Levcn,  G|  miles  long,  and  witli 
123  square  miles  of  catchment  basin.  The  two  first,  with  the  longest  course,  are 
early  rivers  ;  but  not  so  the  remainder,  which  are  rather  late  than  otherwise. 
Irro.s])ectivc  of  which  some  of  the  earliest  and  some  of  the  latest  rivers  are  among 
such  as  have  no  lakes  in  their  course,  and  are  of  very  different  lengths. 

Buekland  held  that  large  estuaries  at  the  entrance  of  salmon  rivers  must  have 
the  same  intlucnce  as  lakes  near  their  soui'ces,  or  in  their  course  ;  but  detailed 
investigations  hardly  boar  out  this  theory,  wliile  it  has  been  remarked  that  in  a 
single  estuary,  as  of  the  Severn,  three  rivers  with  different  degrees  of  earliness 
enter.  It  has  also  been  suggested  that  the  conditions  which  occasion  the  early  or 
late  ascent  of  fish  into  fresh  water  may  have  some  connection  with  the  circum- 
stances of  the  marine  life  of  the  salmon,  the  food  which  it  is  able  to  obtain,  or  the 
enemies  from  which  it  has  to  escape. 

What  the  temperature  or  other  conditions  of  the  water  in  the  river,  or  the 
food  that  is  present  therein  at  various  seasons  of  the  year,  have  to  do  with  the 
period  at  which  salmon  ascend  into  it  from  the  sea,  are  worthy  of  study.* 
Jardine,  Yarx'ell,  and  others  have  remarked  that  the  temperature  of  the  river- 
water  exercises  some  influence  in  the  time  of  the  ascent  of  these  fish,  they 
usually  first  selecting  those  that  are  warmest  (of  course  in  moderation),  while  in 
most  streams  the  eggs  would  be  more  rapidly  hatched  ;  thus,  other  things  being 
equal,  the  young  fish  would  be  hatched  earlier  in  the  warmer  than  in  the  colder 
streams.  The  Salmo)h  Commissioners  of  the  Tweed  remarked  in  1867  that  it  was 
stated  by  several  witnesses  that  salmon  do  not  enter  the  river  freely  when  full  of 

tells  me  he  hai?  constantly  done  so  "  (p.  20).  "  This  year  (1885)  I  have  heard  of  tish  spawning  as 
late  as  the  end  of  March  ;  and  one  year  I  heard  of  hsh,  full  of  spawn,  being  caught  in  April.  On 
the  Usk,  on  the  18th  of  May,  1861,  a  tish  was  taken  full  of  spawn"  (p.  59).  Mr.  Jolin  Anderson 
informs  me  that  in  the  Teith,  above  Callender,  he  has  seen  plenty  of  salmon  spawning  during  the 
last  week  in  October.  Fraser  (The  Salmon,  1833,  page  7)  that  in  the  upper  rivers  that  feed 
Lochness  they  spawn  from  the  middle  of  October  to  the  middle  of  November. 

The  Usk  Board  of  Coiiservators  reported  in  1885,  "that  the  Usk  has  undoubtedly  become  an 
earlier  river  than  formerly.  Twenty  years  ago  but  few  salmon  spawned  in  November ;  the  first 
great  run  was  at  Christmas,  and  the  second  in  January ;  considerable  numbers^  spawned  in 
February  and  a  few  in  March.  Now  occasional  fish  spawn  in  October,  large  numbers  in  November 
and  December,  comparatively  few  in  January,  and  only  occasional  lish  in  February.  In  conse- 
quence the  additional  water-bailiffs  are  put  on  earlier  and  discontinued  earlier.  The  change  has 
been  gradual."  There  has  been  no  change  in  the  condition  of  the  water.  Mr.  Armistead  (Land  and 
Water,  Nov.  10th,  1885),  remarked  on  the  foregoing :  "  Possibly  the  fact  of  their  having  more  to  eat 
and  less  to  do  may  have  something  to  do  with  this  ;  but  I  believe  that  temperature  has  more  to  do 
with  the  time  of  their  spawning,  and  with  apparent  deviations  from  rule  than  we  are  at  present 
incUned  to  suppose.  In  the  case  of  our  river  here,  the  Nith,  salmon,  after  a  run  of  a  few  miles, 
arrive  at  a  fork  called  the  Cluden.  They  spawn  earlier  in  the  Cluden  than  in  the  Nith,  and  I  had 
thermometers  carefully  placed  in  both  streams  and  examined  daily  at  the  same  hour  all  through 
the  spawning  season,  and  the  Cluden  water  proved  to  be  rather  warmer  than  the  Nith.  It  would 
be  interesting  to  know,  if  from  any  change,  say  in  the  drainage  of  the  land,  warm  springs  from 
mines,  or  any  other  cause,  the  Usk  water  has  in  any  degree  risen  in  temperature  the  last  few  years. 
I  have  known  cases  in  which  the  cutting  down  of  wood  has  had  considerable  influence  on  streams. 
Those  who  have  had  much  experience  with  domesticated  trout  know  well  enough  what  an 
influence  the  weather  has  upon  them,  a  warm  or  cold  rain  making  a  great  difference,  for  that  day, 
at  least,  in  the  yield  of  eggs.  It  is  now  known,  for  instance,  that  a  trout  or  salmon  when  ripe, 
and  even  partially  spawned,  can  still  hold  its  ova  for  a  month  if  desired  in  certain  cases  ;  indeed, 
I  have  known  them  to  do  it  longer.  On  the  other  hand,  pisciculturists  know  how  to  make  fish 
spawn  earlier  than  they  would  do  if  left  to  nature." 

*  Temperature  has  often  a  direct  connection  with  the  food  which  may  be  present,  while 
because  that  of  a  river  exercises  a  manifest  influence  as  to  the  when  and  where  the  eggs_  of  the 
Salmonidffi  are  deposited,  it  does  not  follow  that  temperature  is  the  sole  cause  which  induces 
salmon  to  enter  certain  rivers. 

Livingstone- Stone  in  the  Bulletin  of  the  United  States  Fish  Commission,  1882,  vol.  ii, 
page  12,  observed  of  Salmo  quinnat  that  when  raised  in  the  United  States  it  did  not  spawn  at 
the  Californian  time  but  at  the  Salmo  salar  time,  November  or  nearly  so.  When  investigating 
the  ascents  of  carps  in  Asia  into  hill  rivers  for  breeding  purposes,  I  observed  that  it  was  an  almost 
invariable  rule  that  they  turned  aside  from  the  main  snow-fed  streams  into  the  side  affluents  in 
order  to  deposit  their  eggs,  this  being  probably  done  in  order  that  the  young  should  be  hatched 
in  water  not  replenished  from  melting  snows  because  such  would  be  deficient  in  food. 
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ice  or  snow-water,  while  on  the  other  hand,  a  high  temperature  of  the  river- 
water  equally  deters  them  from  enteinug  it.*  Mr.  A.  Young,  Inspector  of 
Fisheries  in  Scotland,  remarked  that  as  a  general  rule  such  Scottish  rivers  as  fall 
into  the  German  Ocean  and  Portland  Firth  are  "early,"  while  those  emptying 
themselves  into  the  Atlantic  are  "  late."  And  he  suggested  that  as  the  German 
Ocean  is  a  cold  sea,  so  the  slight  difference  between  the  temperature  of  its  waters 
and  those  of  the  rivers  induces  salmon  to  ascend  early,  Whereas  rivers  on  the 
west  coast  mostly  descend  from  snow-fed  sources,  and  are  therefore  cold,  much 
colder  than  the  Atlantic,  consequently  the  salmon  wait  until  the  snow  floods  have 
ceased.  It  is  also  evident  that  the  same  comprehensive  rule  extends  to  the 
English  and  Welsh  rivers,  and  those  on  the  east  coast  falling  into  the  German 
Ocean  are  earlier  than  those  on  the  west,  or  of  the  south  Coast  of  Devonshire  and 
Coi-nwall,  where  the  warmer  Atlantic  or  the  English  Channel  would  have  the 
same  influence  as  pointed  out  by  Mr.  Young  in  Scotland. 

But  there  are  also  differences  in  degrees  in  the  temperature  of  the  waters 
of  rivers  to  be  considered,  which  may  be  influenced  by  the  estent  of  their  course, 
and  the  nature  of  the  country  through  which  they  pass,  as  well  as  by  the  amount 
of  rainfall.  Thus  rivers  which  have  their  rise  in  mountains,  and  after  a  short 
and  rapid  course  fall  into  the  ocean,  would  be  colder  than  such  as  are  longer  and 
more  sluggish,  and  as  Sir  W.  Jardine's  and  others'  observations  pointed  out,  that 
in  the  colcl  months  salmon  naturally  select  the  warmer  streams  as  well  as  their 
most  sunny  sides.  Rainfall  has  been  observed  to  afford  an  index  to  the 
temperature  of  rivers,  for  its  distribution  is  dependent  on  the  level  of  the  land, 
the  result  being  that  such  as  pass  through  districts  with  the  heaviest  rainfall, 
would.  Professor  Huxley  observed,  be  late  rivers,  while  those  traversing 
lowlands  where  the  rainfall  is  less,  would  be  early  rivers.  According  to  this 
view  the  waters  of  the  Severn  should  be  warmer  than  those  of  the  Wye,  which 
latter  should  be  of  a  higher  temperature  than  those  of  the  Usk,  and  the  salmon 
would  ascend  these  rivers  in  the  foregoing  order,  which  is  the  order  in  which 
they  are  tabulated  among  early  and  late  rivers. f  But  it  must  be  observed  that 
this  theory  respecting  rainfall  does  not  stand  the  test  of  examination  throughout 
Scotland  and  Ireland. 

Can  any  conditions  of  salmon  ascending  "  early  "  or  "  late,"  or  breeding  earlier 
or  later,  or  completing  their  ova  depositing  within  a  shorter  period  of  time,  be 
attributed  to  constitutional  peculiarities  affecting  the  local  race  of  fish  ?  Two 
main  branches  of  inquiry  would  seem  to  be  here  indicated.  First,  are  all  these 
early  fish  ascending  in  order  to  breed  the  same  year  ?  Secondhj,  what  are  the 
constitutional  peculiarities  of  early  salmon  ? 

It  would  seem  from  the  few  investigations  which  have  been  made  that  it  is  by 
no  means  improbable  that  some  of  the  early-ascending  clean  fish  may  be  seasonally 
sterile,  although  it  is  generally  held  that  in  many  ova  and  milt  may  be  discovered 
on  a  microscopic  investigation  to  be  a  very  little  developed,  and  although  these 
last  would  probably  be  among  such  as  push  on  to  the  upper  waters,  it  seems  still 
to  require  proof  why  it  is  that  they  should  desire  to  remain  so  many  months^  in 
the  stream,  away  from  the  sea.  This  gives  rise  to  the  very  important  question 
of  how  frequently  do  salmon  breed  ?%     ^^  f'^e  United  States  Mr.  Atkins  has  been 

*  February  28th,  1886,  a  severe  snow-storm  set  in,  and  as  a  result  clean  salmon  were 
checked  ascending  rivers,  consequently  but  few  catches  were  made,  as  may  be  seen  from  the 
following  London  market  prices  of  this  fish.  Of  course  fioating  ice  and  cold  likewise  impeded 
the  fisherman's  work.  February  2Cth,  salmon  Is  4d  to  Is  8d  per  lb. :  27th,  l.s-  Sd  to  2s  :  28th, 
Is  9d  to  2s  M:  March  1st,  2s  :  2nd,  Is  9d  to  2s  Sd :  3rd,  2s  M  to  2s  8d :  4th,  2s  2d  to  2s  6(/. 

f  In  the  United  States  Professor  Brown-Goode  observed  that  salmon  spawn  on  a  fallmg 
temperature,  yet  they  seem  to  enter  rivers  on  a  rising  temperature.  In  America  the  Southern 
streams  seem  to  yield  the  earliest  iish.  They  are  not  sensitive  to  sudden  changes,  and  are 
capable  of  enduring  a  range  of  at  least  45°. 

%  We  may  dismiss  as  untenable  one  consideration  which  has  been  advanced,  that  they  may 
do  so  twice  yearly ;  still  we  possess  the  evidence  of  Mr.  Buist  that  he  spawned  a  particular  fish 
on  two  successive  seasons,  and  of  3Ir.  Broicn,  who  treated  another  similarly  on  two  alternate 
years,  but  where  it  was  during  the  intermediate  period  of  course  it  is  impossible  to  say.  Lastly, 
we  have  Mr.  Frank  Buckland,  who  stated  before  a  Parliamentary  committee  in  1877,  that 
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able  to  prove  from  a  series  of  experiments,  extending  over  several  years,  that  in  the 
Penobscot  the  salmon,  Sahno  salar  var.,  breeds  every  second  year.  (Sec  pacra  71).) 
As  to  any  constitntional  pccnliavities  in  an  early  or  late  race,  a]tliou,<,rh 
summarily  disposed  of  by  several  autliors,  it  does  not  appear  improbable  that  siicli 
may  exist.  Many  excellent  observers  have  held  that  tlie  descendants  of  early- 
ascendino-  fish  would  similarly  give  rise  to  a  form  having  the  same  peculiarity. 
And  if  this  early  habit  is  capable  of  transmission  to  offspring,  it  would  be  sound 
economy  to  stock  a  late  river  with  an  early  breed,  in  order  to  try  and  convert  it 
from  a  late  into  an  early  one  ;  while  it  has  been  advanced,  and  with  a  show  of 
reason,  how  in  the  Dart  Fishery  the  obstructions  have  converted  aii  early 
breeding  river  into  a  late  one,  and  now  when  these  causes  are  being  modified  the 
river  is*  becoming  earlier.  On  the  other  hand  how  in  districts  where  the  back 
end  of  the  season  has  been  shortened — for  instance,  on  the  BlackAvater  and  the 

Tay the  spring  fishing  has  been  greatly  improved.     At  the  same  time  attention 

must  be  drawn  to  the  fact  that  it  has  not  been  proved  that  it  is  the  early 
breeders  that  produce  the  early  ascending  fish,*  and  it  has  still  to  be  shown 
whether  the  parents  of  these  early  forms  do  not  deposit  their  milt  and  ova  at 
the  same  time  as  salmon  whose  descendants  have  the  late  instincts  ;  while 
there  is  a  want  of  evidence  respecting  the  condition  of  the  early-ascendmg  fish  as 
regards  their  fertility  or  sterility. 

It  is  clear  some  rivers  have  early  ascending  fish,  while  in  others  they  may  be 
late,  and  all  the  intermediate  grades  are  seen,  as  well  as  several  ascents  m  one 
stream  during  the  year.  While  differences  in  the  size  and  length  of  their  course 
will  occasion  variations  in  the  mode  of  ascent,  thus,  up  the  smaller  streams  tliese 
fishes,  as  a  rule,  can  only  migrate  late  in  the  season  and  merely  remam  a  sufficient 
time  to  dejDOsit  their  spawn. 

"  a  sahnon  does  not  breed  every  year,  but  once  every  three  years,"  and  whose  further  remarks  I 
have  ah-eadv  quoted.  It  is  asserted  in  Nature,  1877,  page  376,  that  a  gentleman  who  at  dilterent 
times  had  marked  hundreds  of  kelts  during  the  months  of  February ,_  March,  and  April,  while 
they  were  descending  to  the  sea,  had  never  seen  one  returning  to  spawn  m  the  river  hat  autumn, 
but  he  had  met  with  individuals  he  had  marked  coming  back  the  next  year.  He  believed  that 
"  they  frequent  the  fresh  waters  from  habit,  although  there  is  no  sign  of  milt  or  roe,  and  that 
these  fish  are  biennial  breeders.  On  this  point  one  looks  in  vain  through  the  reports  of  our 
Inspectors  of  Salmon  Fisheries  for  any  facts,  but  in  such  there  is  absolutely  nothing  to  the 
point  except  bare  opinions,  and  those  often  crude.  i  zi     !■     ^  •     t..i«-^,i 

*  The  Comnmsioncrs  for  1861  observed:  "Experience  has  fully  piw'ed  the  fact  m  Ii eland, 
where  the  enforcement  of  an  earlier  closing  season  has  produced  within  a  iewf  years  a  corresponcl- 
ing  early  supply  in  certain  rivers"  (p.  xxviii).  They  also  concluded  that  as  to  "the  alleged 
difference  of  season  in  certain  rivers,  we  think  that  artificial  causes  have  much  more  concern 
in  producing  such  anomalies,  than  the  laws  of  nature.  .  .  .  In  order  to  enable  the  upper 
waters  to  be  fully  stocked,  it  is  necessary  to  afford  a  free  run  to  the  early  spawning  fabh 
which  are  naturally  impelled  to  seek  the  highest  parts  of  the  stream  to  breed  in  If. 
however,  in  consequence  of  an  undue  extension  of  the  fishing  season,  these  fish  aie  cut 
off  in  their  passage  up,  it  follows  that  no  stock  will  be  left  to  rei^enish  the  "ver  except 
those  later  fish  which  make  their  ascent  under  the  protection  of  the  close  time.  It  is  m 
this  way  that  some  rivers  are  artificially  made  later,  and  the  fact  accounted  for  (p.  xxmi  ). 
Professor  Huxley  seemed  to  consider  that,  just  as  the  capture  of  the  early  fish  ^  early 
rivers  had  not  tended  in  the  least  degree  to  make  them  late,  so  the  preservation  of  the  late  fish  m 
the  very  late  rivers  had  not  tended  to  make  them  later  than  they  were.  'I  cannot  say,  ne 
continued,  "  that  I  can  discover  any  good  ground  for  the  belief  that  any  kind  of  human  interfeience 
is  competent  to  affect  the  earliness  or  lateness  of  a  river.  Ditfcrences  in  the  habits  of  fish  n  the 
same  river  have  been  and  are  still  observed  where  the  artificial  conditions  are  coustaut ;  and  he 
instances  weirs,  but  denies  that  their  presence  has  altered  the  inherited  instincts  of  these  fish  as 
to  their  times  of  ascent.  ,    ,  .     ^      ,        ,  ^,r  ,^„  ivTovr.Vi  o^ah 

Mr.  Pike,  secretary  to  the  Dart  Fishery  Board,  remarked  m  Land  mid  Hate},  Maich  28tti 
1885,  that  the  Totnes  Weir  entirely  prevents  salmon  ascending  the  river.  i^or  a  SJjeai  many 
years  the  river  had  been  netted  in  close  time  to  pass  salmon  over,  but  it  is  only  f^^^^^^^f^^'^Z/^SO 
that  this  netting  was  permitted  before  the  rod  fishing  ended  on  October  31st.  l^vei  since  me 
salmon  were  passed  up  early  in  September  they  have  been  seen  spawning  high  up  on  IJatmoor 
as  early  as  the  first  week  in  October,  and  young  salmon  have  been  hatched  out  J^  &^  \;^  ^^^ 
January.  The  result  is  that  early  spawned  fish  have  returned  again  to  the  sea  be  o  e  Chus^^^^^^^^^^ 
and  a  goodly  number  of  large  fish  from  12  lb.  to  20  lb.  have  been  taken  ^^  .^l^^^^^^^^^s  Uirou^^^^^^ 
the  month  of  March."  This  instance,  the  correctness  of  which  I  assume,  ^^  ^f  .^^«;™«  *J^^* 
the  lateness  in  spawning  in  a  certain  river  may  be  consequent  upon  the  presence  of  an  artificial 
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The  migrations  of  the  salmon  from  the  sea  towards  inland  fresh  waters  are, 
broadly  speaking,  of  two  kinds :  first,  what  may  be  generally  described  as  the 
great  autumn  and  winter  ones,  for  the  purpose  of  spawning;  and  secondhj,  much 
more  irregular  ascents,  consisting  of  a  few  or  many  tish,  occurring  throughout  the 
year,  or  restricted  to  certain  months.  This  inquiry  would  embrace  several  con- 
siderations, such  as  the  following : — How  do  salmon  return  from  the  sea  to  our 
coasts  ?  How  do  they  enter  and  continue  in  estuaries  prior  to  their  ascent  into 
the  stream  ?     How  do  they  ascend  rivers  ?     How  do  they  return  to  the  sea  ? 

As  a  general  rule,  as  I  have  observed  upon  under  the  head  of  '•  early  and  late 
salmon  rivers,"  these  fish  migi^ate  towards  rivers  sooner  from  cold  seas,  as  the 
German  Ocean  on  the  east  coast  of  the  British  Isles,  than  they  do  along  the  west 
coast,  presumably  because  the  Atlantic  is  warmer  than  the  Clerman  Ocean  ;  while 
among  the  latest  rivers  they  ascend  are  those  of  Devonshire  and  Cornwall,  where 
the  temperature  of  the  sea  is  the  highest. 

With  the  object  of  attaining  the  estuaries  or  mouths  of  rivers  up  which  they 
purpose  ascending,  salmon  in  small  assemblages  or  schools  keep  along  the  shore, 
only  a  short  distance  from  land,  swimming  rather  high  in  the  water,  and  betraying 
their  presence  by  occasionally  leaping  out  of  the  sea  as  if  they  were  endeavouring 
to  reconnoitre  their  way,  or  else  they  throw  oif  a  ripple  in  a  calm  as  they  move 
along  the  surface;  while,  as  Mr.  Sinclair  of  Donegal  remarked  (FielJ,  March 
29th,  1884),  their  tracks  are  as  well  known  as  those  of  cattle  returniiig  to  the  farm- 
yard. Mr.  D.  Mackenzie  in  his  Salmon  Fisheries  of  Scotland,  18G0,  page  43,  has 
also  observed  that  along  the  coasts  of  Scotland  salmon  shoals  pass  a  short  distance 
from  the  land,  and  "when  a  shoal  meets  with  a  stake  net  some  of  the  fish  are 
caught  in  the  ti^aps  or  cruives,  or  what  are  called  its  chambers,  others  start  off; 
in  short,  the  shoal  is  broken  and  dispersed.  The  scattered  fish,  however,  always 
guided  by  their  instincts,  gather  in  again  to  the  land,  singly  or  in  groups,  and 
continue  their  course  with  the  tides,  until  they  meet  with  another  similar  engine, 
when  the  same  capture  and  dispersion  is  repeated."  While  packs  of  seals, 
poi-poises,  grampuses,  and  other  enemies  have  been  observed  to  deter  salmon  from 
entering  rivers,  and  also  to  break  up  and  scatter  the  shoals  of  fish. 

Salmon  appear  to  possess  a  homeing  instinct  which  induces  them  to  endeavour 
to  return  to  the  river  where  they  were  originally  reared,*  but  instances  are 
occeisionally  brought  to  notice  when  such  could  not  have  been  the  case.  Thus 
almost  yearly  we  hear  of  a  grilse  or  of  a  salmon  being  captui'ed  off  the  mouth  of 
the  Thames  or  Medway,  sometimes  even  attempting  to  ascend,  but  from  which 
localities  all  these  fish  have  long  since  been  desti-oyed;  consequently  they  could 
not  be  descended  from  eggs  hatched  in  those  rivers. 


'at)^ 


obstruction  to  ascent ;  remove  that  obstruction  or  pass  the  breeding  fish  over  it  early  in  the 
breeding  season,  the  young  are  earlier  reared,  and  the  breeders  return  sooner  into  condition  than 
had  they  been  left  to  wait  to  a  later  period  before  spawning.  This  and  other  examples  which  I 
have  adduced,  go  to  prove  that  artificial  causes  may  convert  an  early  breeding  into  a  late  breeding 
river ;  that  alter  the  conditions,  and  the  fish  may  again  breed  in  the  earlier  months,  but  more 
evidence  is  requisite  to  show  the  result  of  this  on  the  early  ascending  fish. 

3Ir.  Francis  Francis,  having  remarked:  "The  Erne  and  the  Bundrowse  are  only  a  few  miles 
apart ;  their  capabilities  are  very  similar,  both  have  large  lakes  for  shelter,  yet  one  gives  fish  in 
February  and  the  other  not  till  May,"  the  Editor  of  The  Field  observed,  "  Where  there  are  heavy 
spring  runs  which  are  left  solely  to  the  rod  and  never  netted,  those  runs  keep  up  in  almost 
undiminished  numbers,  but  as  soon  as  the  nets  are  brought  to  bear,  they  sooner  or  later  die  out 
altogether." 

*  Buckland  recorded  how  a  friend  of  his,  who  owned  a  well-known  island  on  the  west  coast  of 
Scotland,  netted  a  certain  pool  in  his  fishery,  and  out  of  a  number  of  fish  which  he  captured  he 
marked  twenty  or  thirty.  He  then  put  them  on  board  his  yacht,  where  they  were  kept  alive,  and 
he  sailed  with  them  almost  round  his  island,  then  up  a  creek  to  the  mouth  of  a  river,  and  turned 
them  into  a  lake  about  half  a  mile  from  the  source  of  the  stream  from  which  they  had  been 
originally  captured,  but  with  which  it  was  in  no  way  connected,  the  two  rising  from  different 
watersheds.  It  was  as  though  the  salmon  had  been  carried  from  one  heel  of  an  enormous  horse- 
shoe round  to  the  other  heel,  and  then  taken  right  into  the  middle  of  the  horse-shoe,  and  there 
let  loose.  During  the  same  season  some  of  these  marked  fish  wer'e  caught  in  or  near  their  own 
pool,  to  do  which  they  must  have  come  back  a  circuit  of  at  least  forty  miles,  and  passed  by  six  or 
seven  tributaries. 

Mr.  P,  Milne  Home,  when  writing  ab  ut  the  Tweed,  observed  that  marked  fish  from  that  river 
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Were  the  liomeing  instinct  in  these  fishes  very  Ktronf,'ly  marked,  such  as 
were  hatched  from  eggs  brought  from  a  certain  river  miglit  (like  tlic  JMue-royk 
Pigeons  reared  from  eggs  obtained  from  another  dovecote)  return  to  the  locality 
where  the  ova  were  originally  deposited.  But  if  such  were  an  invariable  rule,  the 
re-stockiuo-  of  salmonless  rivers  from  distant  sources  would  be  useless,  while 
experimeifts  have  demonstrated  the  procedure  to  be  almost  invariably  satisfactory. 

Still  a  very  strong  opinion  exists,  and  which  observations  have  proved  to  be  to 
a  certain  extent  correct,  that  salmon  return  to  the  river  they  were  originally 
reared  in.  Mr.  Willis-Bund  has,  however,  adduced  several  instances  in  which  if 
salmon  return  to  a  tributary  river  in  which  they  were  bred,  they  must  have  always 
come  as  breeders,  for  clean  fish  hardly  ever  enter.  Some  have  imagined  that  they 
select  the  purest  waters,  or  recognize  the  taste  or  smell  of  their  native  stream _;  but, 
on  the  other  hand,  it  has  been  asked,  how  could  the  purity  of  the  water  induce 
salmon  to  enter  certain  rivers,  for  they  generally  ascend  during  a  flood,  when  they 
are  most  full  of  mud,  but  at  which  times  the  fish  are  keenest  to  pass  up. 

Irrespective  of  salmon  having  died  out  of  a  river,  instances  have  been 
adduced  in  which  it  has  been  stated  that  they  have  deserted*  streams,  but  the 
statements  of  H.M.  Inspectors  of  Fisheries  that  sea-trout  have  driven  salmon  out 
of  the  Coquet  is  wanting  in  one  particular.  There  does  not  seem  to  be  evidence 
that  they  were  ever  there  .habitually  in  any  numbers,  so  much  so  that  sea  trout 
appear  to  be  locally  termed  salmon. 

The  foregoing  are  instances  in  which  such  desertion  cannot  be  ascribed  to 
pollution  or  artificial  impediments  to  ascent,  but  owing  to  some  as  yet  unascer- 
tained cause.  Possibly  the  numerous  drainage  works  in  the  agricultural  country 
through  which  these  rivers  pass  have  had  some  effect  in  rendering  them  less 
suitable  than  formerly  for  the  residence  of  these  fish,  as  the  surface  water,  instead 
of  gradually  percolating  through  the  soil,  and  so  by  degrees  obtaining  access  to 
the  main  stream,  is  now  rapidly  carried  off"  in  a  short  period  by  these  means  ;  while 
I  have  previously  alluded  (page  61)  to  an  "early"  river  having  changed  to  a 
"  late  "  one,  possibly  from  this  cause. 

had  been  taken  in  the  Frith  of  Forth,  the  Don  and  Dee,  while  to  the  south  at  Holy  Island,  the 
Tyne,  Shields,  and  even  Yarmouth.  This  last  was  a  so-called  "  bull  trout,"  caught  in  the  Whit- 
adder,  a  tributary  of  the  Tweed,  on  March  29th,  1852;  it  was  netted  at  Winteston,  near  Yarmouth, 
April  2nd,  1852,  or  nearly  300  miles  distant,  within  four  days.  A  second,  marked  in  the  Whit- 
adder,  March  10th,  18G0,  was  taken  at  Yarmouth,  May  5th,  1860.  He  considered  it  certain  that 
salmon,  after  having  frequented  particular  rivers  from  time  immemorial,  have  abandoned  them ; 
and  the  inference  is  that  they  betake  themselves  to  other  rivers  which  they  deem  preferable.  As 
an  example  of  this,  the  Whitadder  may  be  referred  to :  it  has  a  course  of  about  forty  miles  from 
the  Lammermuir  Hills  :  this  river  joins  the  Tweed  at  a  distance  from  its  mouth  of  about  three 
miles,  so  that  all  the  salmon  caught  in  the  higher  waters  of  the  Tweed  must  have  passed  the 
Whitadder.  The  tide  flows  into  it  as  well  as  into  the  Tweed,  going  up  the  latter  for  six  or  seven 
miles.  Formerly  the  true  Salmo  salar  frequented  the  Whitadder,  but  during  the  last  thn-ty  years 
none  of  that  species  has  been  seen  in  it.  It  is  now  only  frequented  by  bull  trout.  In  the 
Midlothian  Esk,  he  also  remarked  that  about  fifty  years  ago  he  had  seen  hundreds  of  true  salmon 
wriggling  up  over  the  mill  weirs ;  but  for  the  last  twenty  years  there  has  been  no  such  fish  m 

that  river.  ,  .    -r^  ,       ,  ^nn  xi,         i 

Mr.  Willis-Bund,  in  Salmon  Problems,  observed  that  "  ni  one  week  m  December,  1872,  the  water- 
bailiff  caught  and  put  into  the  Severn  forty  fish  from  the  Dowles  Brook,  and  in  a  few  hours  the 
fish  had  all  returned  to  the  brook"  (p.  20).  -,    ■,     r.         ^         ^  -n    ^ 

*  In  18G4,  Eussel  observed  (p.  71)  respecting  hull  trout,  that  the  Aln  and  the  Coquet  arc  full  ot 
that  species  to  the  almost  entire  exclusion  of  salmon  and  grilse.  And  a  few  years  later  it  was 
suggested  by  H.M.  Inspectors  of  Fisheries  that  this  latter  was  owing  to  the  presence  _  of  "bull 
trout;"  consequently,  if  they  were  destroyed  salmon  would  again  flourish  !  From  18G8  to  1872 
the  annual  close  time  for  migratory  trout  was  suspended,  and  the  destruction  of  these  anadromous 
forms  ruthlessly  carried  on.  The  amount  of  trout  was  soon  reduced,  their  stock  was  rapidly 
diminished,  but  the  salmon  would  not  increase,  so  the  massacre  was  stopped.  And  now  again, 
in  1885,  the  Inspector  observed  of  the  Coquet  that  it  "  is  a  much  later  river  than  any  of  its  neigh- 
bours in  the  east,  but  this  may  be  accounted  for  by  the  fact  that  that  river  is  infested  by  bull  trout, 
whose  habits  are  different  from  those  of  the  true  salmon."  A  correspondent  of  the  Relso  3Iail 
observed  that  "  the  Coquet  trout  is  the  common  yellow  fin  or  Salmofario,  and  the  bull  trout  are 
the  salmon  of  the  river.  There  are  no  true  salmon,  S.  salar,  in  the  Coquet,  the  only  fish 
frequenting  the  river  being  the  bull  trout,  but  with  Coquet-side  fishermen  the  term  salmon  and 
bull  trout  are  synonymous :  hence  '  sahnon '  with  them  means  S.  eriox  or  bull  trout,  and  trout 
S.  fario,  or  common  river  trout."     (See  Badmin.  Series,  p.  151.) 

5  * 
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It  lias  beeB  suggested  that  along  the  colder  seas  of  our  eastern  coast  salmon 
do  not  remain  in  the  ocean,  but  ascend  the  warmer  rivers,  and  consequently  do 
not  hang  about  the  rivers'  mouths  ;  while,  on  the  contrary,  they  behave  differently 
along  the  Atlantic,  or  on  our  southern  shores.  Thus  off  the  "  late  "  river  Fowey, 
Buckland  remarked  that  "  a  larger  number  of  salmon  than  are  due  leave  the  sea 
and  play  about  the  mouth  of  the  river.  These  fish  come  in  from  the  north, 
south,  east,  and  west.  They  are  big  fish,  from  25  lb.  to  30  lb.  hi  weight.  They 
come  late  in  the  year.  They  are  vevy  fat,  and  greatly  different  in  every  way  from 
the  native  salmon  of  the  Fowey.  In  these  warmer  seas,  with  abundance  of  food, 
these  fish  may  continue  in  the  sea  until  compelled  by  the  near  approach  of  the 
reproductive  period  to  ascend  rivers  towards  their  spawning  beds,  or  they  may  be 
fish  which  are  sterile  for  the  season."  None  seem  to  have  been  examined  on  this 
point,  and  only  vague  surmises  have  been  offered. 

The  evidence  taken  in  182J<  went  to  show  that  in  Scotland,  as  in  the  Tay,  the 
salmon  were  more  abundant  in  diy  seasons  along  the  shore  and  in  the  estuaries, 
but  in  rivers  they  abound  most  in  wet  seasons.  For  in  dry  seasons  the  rivers  are 
smaller  in  size  irrespective  of  their  being  too  heated  to  retain  them  in  health. 

It  has  long  been  a  vexed  question  as  to  the  manner  in  which  salmon  enter 
estuaries  and  ascend  rivers  on  their  arrival  from  the  sea,  and  although  doubtless 
local  circumstances  may  occasion  certain  differences,  still  the  mode  of  migration 
would  probably  in  all  places  be  somewhat  similar  were  it  unchecked.  Mackenzie 
remarked  of  the  Scottish  rivers  that  the  "  salmon  proceed  with  the  flood  tide,  and 
rest  during  the  ebb  in  eddies  and  in  easy  water,  hence  great  numbers  are  always 
caught  in  "the  flood  traps  of  the  stake  nets  placed  in  their  course,  while  compai-a- 
tively  few  are  got  in  the  ebb  traps.  If  the  ebb  sets  in,  and  the  water  becomes 
shallow  from  the  receding  of  the  tide,  they  drop  down  with  the  tide  into  deeper 
water,  until  the  return  of  the  flood  tide  enables  them  to  continue  their  course,  and 
in  this  dropping  down  some  fall  within  the  range  and  are  caught  in  the  ebb  traps 
of  the  engines  in  question  ;  but  it  is  in  the  summer  season,  in  dry  weather,  that 
by  far  the  greatest  number  are  so  caught."  At  this  period  the  water  in  the  rivers 
is  so  low  that  they  swim  about  with  the  tide,  awaiting  a  flood. 

Admitting  that  the  foregoing  distinctly  proves  that  in  some  localities,  at  least, 
lai'ge  numbers  of  fish  ascend  with  the  flood  tide,  it  does  not  disprove  that  a  great 
many  also  descend  with  the  ebb,  and  that  in  times  or  places  when  the  very  low 
condition  of  the  water  could  hardly  be  deemed  a  sufficient  cause  to  obstruct  ascent. 
In  the  Severn,  in  the  stretch  of  tidal  water  from  Newnham  to  the  railway  bridge, 
there  are  about  seven  sets  of  puts  and  putchers  on  the  right  bank,  all  being  fixed 
with  their  mouths  up  stream.  On  May  26th,  1885,  I  visited  two  of  these  sets  of 
engines,  and  saw  seven  fish  taken,  all  with  their  heads  fixed  in  the  puts  and 
directed  doivn  stream,  and  when  captured  they  must  have  been  descending  the 
river  with  the  ebb  tide.  The  lave-net  fishermen  carry  on  their  occupation  during 
the  ebb  tide,  more  especially  in  the  slack  water,  rendering  it  evident  that  in  this 
river  these  fish  both  ascend  and  descend  with  the  tides.* 

In  the  Severn  these  fish  are  observed  to  swim  up  with  the  tide,  Avhich  regulates 
their  pace,  as  they  rarely  get  in  advance  of  it,  and  follow  a  fixed  track,  probably 
the  channel  of  the  river ;  but  as  the  tide  turns  they  leave  the  track  by  which  they 
ascended,  and  are  found  in  the  shallows.  If  once  disturbed  or  frightened  from 
their  regular  course,  they  would  appear  to  be  slow  to  again  return  to  it ;  thus 
Mr.  Willis-Bund  remarked  that  there  used  to  be  a  good  fishery  just  above  the  place 
where  the  tunnel  passes  under  the  river  Severn.  In  consequence  of  the  boring 
operations,  chiefly  the  blasting,  the  fish  have  left  that  part  of  the  river,  and  the 
fishery  is  almost  worthless  ;  and  although  the  blasting  has  now  (October,  1885) 
ceased  for  some  time,  the  fish  do  not  return.  In  the  McCloud  River  the  blasting 
operations  of  the  Constructive  Corps  of  the  Central  Pacific  Railway  Company 

*  Three  views  concerning  these  migrations  were  held  at  a  meeting  of  the  Dee  Conservators  at 
Chester  in  December,  188-1 :— (1)  That  sahnon  run  up  with  the  flood  tide  ;  (2)  That  they  rest 
during  the  flood  tide,  and  run  up  with  the  ebb;  (3)  That  they  allow  themselves  to  be  carried  up 
with  the  stream  of  the  flood-tide,  with  their  heads  towards  the  sea,  and  that  when  the  tide  begins 
to  ebb  they  turn,  and  continue  their  upward  course  against  it, 
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prevented  the  parent  salmon  ascending  the  river  as  usual  (Livingston-Stone : 
JJuIl.  U.S.  Fish.  Comm.,  1885).  Jiui  the  remarks  of  Sir  W.  Jardino  and  others 
must  not  be  overlooked,  that  temperature  in  estuaries  is  occasionally,  at  least,  a 
cause  as  to  the  side  they  select  when  migrating,  for  they  have  been  observed  to 
choose  the  sunny  side  during  the  cold  months,  and  the  shady  during  the  warmer 
poi'tions  of  the  year. 

But  the  period  arrives  when  these  fish  consider  it  necessary  to  migrate  from 
the  tidal  portions  of  a  river  and  ascend  into  the  fresh  waters,  where,  instead  of 
going  with  the  tide,  they  have  to  pass  on  against  the  stream  ;  and  fishermen,  at 
least  in  the  Wye,  appear  to  consider  that  it  is  a  rule,  excepting  during  a  fresh, 
that  these  migrations  take  place  chiefly  during  the  night-time — in  fact,  so  strong 
on  this  point  is  the  opinion  of  some,  that  they  do  not  hesitate  to  say  that,  were 
night-fishing  in  this  river  to  be  put  an  end  to,  their  occupation  would  be  gone. 
It  may  be  worthy  of  investigation,  whether  the  constant  netting  to  Avhich  these 
fishes  are  subjected  is  not  one  cause  of  their  selecting  to  ascend  during  the 
night-time. 

During  this  period  they  require  shelter,  and  even  if  they  arc  found  near  ledges 
of  rock  or  large  stones  there  is  almost  certainly  some  gravelly  spot  in  the  vicinity 
where  they  can  rest. 

The  salmon  having  while  in  the  ocean  stored  up  fat,  which  is  most  readily 
seen  on  and  around  its  pyloric  appendages,  and  possibly,  especially  if  in  the 
autumn,  being  in  such  a  condition  that  within  a  definite  period  its  roe  or  milt 
must  be  deposited,  commences  its  migration  towards  its  breeding-grounds  in  the 
fresh  waters.  One  reason  why  the  fish  maturing  its  eggs  has  an  excess  of  fat  over 
one  not  so  engaged,  is  supposed  to  be  the  great  amount  of  nourishment  which 
is  required  by  the  females  while  the  eggs  are  rapidly  maturing. 

In  November,  1885,  being  with  Sir  James  Maitland  searching  for  salmon  eggs 
in  the  Teith,  near  Stirling,  we  took  a  female,  15  lb.  weight,  so  injui-ed  by  seals  that 
it  succumbed.  It  was  a  clean  silvery  fish,*  with  ovaries  4" 7  inches  in  length,  the 
two  weia'hingf  2i  ounces,  and  each  errs:  bein":  0"1  inch  in  diameter.  It  is  clear  that 
a  salmon  having  eggs  one-tenth  of  an  inch  in  diameter  at  the  end  of  Isovember 
coiild  not  have  its  ova  sufiiciently  ripe  to  spawn  within  the  next  two  month?, 
while  experience  tells  us  that  no  other  period  for  depositing  eggs  will  normally 
come  round  before  this  time  the  succeeding  year.  November  26th,  1886,  out  of 
nine  salmon  netted  in  the  same  place  three  were  clean  newly-run  fish.  It  has 
long  been  accepted  as  a  physiological  necessity  that  a  female  smolt  must  descend 
to  the  sea  before  it  can  develop  eggs,  the  reason  advanced  being,  as  stated  by 
Rasch,  in  1866,  that  the  development  of  ova  requires  far  more  nourishment  than 
that  of  milt ;  that  in  the  ovary  of  the  female  the  eggs  are  formed  nearly  simul- 
taneously, and  their  development  is  uniform,  one  being  enveloped  in  as  large  an 
amount  of  albamen  as  another.  But  in  order  to  produce  this  albumen,  a  far  greater 
quantity  of  food  is  needed  than  the  fish  can  normally  procure  in  fresh-water  rivers. 
On  the  other  hand,  grilse  at  Howietoun,  both  last  year  and  during  the  present 
season  (1884-85  and  1885-86)  have  given  eggs  without  going  to  sea;  and  the  land- 
locked salmon  breeds  in  fresh  water  without  descending  to  the  ocean. 

I  think  that  the  explanation  of  these  apparently  contradictoiy  facts  is  possible. 
Thus,  it  is  generally  admitted  that  salmon,  while  residing  in  i-ivers,  do  not  increase 
in  weight,  but  rather  fall  off  the  longer  they  are  absent  from  the  sea,  existing  as 
they  mainly  do  upon  the  fat  which  they  have  accumulated  while  feeding  in  the 
salt  water,  and  such  food  as  they  can  procure  is  sufficient  for  nutrition  of  the  body 
but  insufficient  in  females  for  breeding  purposes.  If  this  is  so  (and  of  it  I  think 
there  can  be  no  reasonable  doubt),  they  would  be  unable  to  obtain  enough  nourish- 
ment wherewith  to  develop  eggs  so  long  as  they  continued  in  the  river,  that,  in 

*  Three  similar  ones  were  likewise  captured  that  day,  but  being  uninjured  were  at  once 
returned  to  the  Teith.  On  December  23rd,  1881,  five  clean  fish  were  taken  when  obtainins 
sahuon  eggs  in  the  same  river.  These  must  not  be  considered  exceptional  occurrences,  as  clean  fish 
at  this  time  are  invariably  netted  when  seeking  for  gravid  salmon.  In  the  Ehine,  Barfurth 
observed  in  1874,  that  spawners  ascend  from  September  to  November,  wliil(!  there  is  likewise  a 
barren  winter  variety  coming  sporadically  and  for  a  brief  season  from  September  until  May. 
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sliort,  they  conld  not  do  so  without  another  visit  to  the  sea ;  consequently  these 
early  ascending  sahnon,  until  they  have  again  descended  to  the  salt  water,  cannot 
Ibe  those  fish  from  which  we  have  to  expect  ova  for  replenishing  the  stock  in  onr 
s-ivers.  Knox,  in  1854,  observed  that  a  smolt,  after  first  descending  to  the  ocean 
and  tasting  its  marine  food,  never  again  resorts  to  its  infantile  food  as  a  constant 
mode  of  nourishment. 

This  brings  me  to  the  question  of  how  it  is  possible  to  prove  that  insufficient 
nourishment  can  impede  or  prevent  spawning  among  the  Salmonidos,  or,  in  fact, 
render  a  fish  temporarily  sterile.  An  instance  will  be  adduced  further  on  to  show 
how  fungus  among  the  American  char  was  checked  by  decreasing  their  food,  but 
as  one  result  these  fish  at  Howietoun  became  sterile  for  the  season. 

Deficiency  of  food  may,  therefore,  occasion  sterility  by  an  entire  arrest  of 
development  in  the  ova,  or,  should  the  eggs  be  formed  in  the  ovaries,  it  may  stop 
(possibly  not  entirely)  their  further  augmentation  in  size,  as  cold  will  retard  the 
development  of  the  embryo  in  eggs  that  have  been  deposited,  as  has  been 
abundantly  proved  by  transmitting  them  to  distant  countries  by  the  assistanceof 
ice.  Possibly  in  some  few  instances  these  early-ascending  fish  may  find  a  locality 
where  food  from  some  cause  is  unusually  abundant,  allowing  the  ova  to  augment 
in  size,  and  that  this  is  the  explanation  of  occasionally  a  female  salmon  with  large 
eggs  being  captured  at  the  end  of  the  summer  ;  but  normally  these  fish  will  be 
sterile  during  the  year  of  their  ascent  in  the  condition  described,  at  least  until 
after  they  have  revisited  the  sea. 

But  it  may  be  advanced,  if  this  is  so,  how  do  land-locked  salmon  breed  ? 
Here  we  have  an  entirely  diff"erent  set  of  circumstances  to  deal  with.  The  fish 
have  never  been  to  the  sea-feeding  grounds,  but  have  been  compelled  to  adapt 
themselves  to  local  conditions.  Thus,  in  large  lakes,  as  Wenern  and  other 
suitable  places,  where  food  abounds,  they  breed,  or  else  they  become  "demoralized 
salmon,"  as  Agassiz  remarked;  or,  finally,  they  may  die  out,  due  to  sterility,  the 
nourishment  which  they  are  able  to  obtain  being  insufficient  or  unsuited  to  allow 
them  to  perpetuate  their  race. 

There  is  hardly  a  month  in  the  year  when  fresh-run  salmon  may  not  be  found 
in  our  rivers,  but  the  main  run  for  spawning  purposes  occurs  as  a  rule  from 
October  to  January,  or  even  later.  Some  of  the  December  and  January  fish, 
however,  are  in  that  condition,  as  I  have  shown,  that  they  could  not  spawn  for 
many  months  to  come;  and  I  am  disposed  to  think  that  it  is  only  autumn  and 
winter  ascending  ones  that  breed,  but  experiments  are  much  needed  to  test  this. 

The  various  runs  of  salmon  which  ascend  our  rivers,*  do  not  appear  to  be 
quite  the  same  in  each,  but  still  there  is  a  general  resemblance,  as  Avill  be  seen 

*  Mr.  WilHs'BuiKl,  in  his  account  of  the  Severn  {Salmon  Prohlcms),  shows  at  least  eight 
distinct  runs  during  the  year.  They  may  be  summarized  as  follows:— (1)  End  of  December  or 
January,  the  largest  run  of  the  season,  and  spawning  fish.  (2)  End  of  January  or  February,  or 
later :  spawning  fish  fewer  in  number,  but  generally  large  in  size.  (3)  A  run  in  February  of 
large  clean  fish,  but  at  tlie  end  of  the  month  of  gillings.  (4)  February  and  March,  a  spring  run 
of  gillings,  which  press  up  to  the  head-waters  of  the  river,  and  are  the  early  spawners  for  the 
next  season.  (5)  A  small  run  of  grilse,  and  some  small  salmon,  during  April.  (G)  June  and 
July,  the  main  run  of  grilse.  (7)  Autumn  run  of  Michaelmas  gillings.  (8)  Great  run  of  spawn- 
ing lish,  in  October  and  November.  But  it  must  be  noted  that  all  the  foregoing  do  not  take 
place  invariably  every  year— thus  grilse  or  gillings  may  be  absent  ;  but  there  are,  as  a  rule, 
three  distinct  runs  of  spawning  fish,  and  five  runs  of  clean  fish,  and,  irrespective  of  the  fore- 
going, there  are  individuals  moving  about.  Fish  which  are  ascending  alone  do  not  appear  to  be 
so  eager  to  press  up,  but  stop  at  the  foot  of  weirs  in  the  pools ;  while  the  largest  run  of  salmon  is 
on  a  spring  tide.  Possibly  male  fish  pass  up  sooner  than  do  the  females,  for  at  certain  times  in 
the  Usk  the  higher  up  the  river  the  netting  takes  place,  the  greater  is  the  percentage  of  males 
to  females  which  are  caught. 

il/r.  Anderson  writes  to  me  respecting  the  Forth,  and  the  migration  of  salmon  and  grilse 
therein,  remarking  that  his  observations  extend  over  a  period  of  fifty  years.  (1)  The  first  run  of 
salmon,  the  beginning  of  December  till  nearly  the  end  of  February,  should  there  be  a  fresh  in 
the  river;  they  are  coarse-looking  fish,  from  16  1b.  to  30  1b.  (2)  About  the  middle  or  second 
spring  tide  in  February,  clean  spring-run  fish ;  the  fish  3  lb.  or  4  lb.  in  weight,  increasing  in 
weight  every  week  until  the  end  of  April,  when  some  are  from  8  lb.  to  10  lb.  (3)  The  summer 
salmon  enters  with  the  first  spring  tide  in  May,  or  earlier  should  the  river  be  in  flood  ;  they  are  from 
12  lb.  to  20  lb.     (4)  The  first  run  of  grilse,  from  1^  lb.  to  3  lb.,  enters  the  rivers  in  May  ;  in  1881,  the 
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from  the  observation  of  Mr.  Willis-Bund,  made  in  llie  .Severn,  and  Mr.  Ander.son 
in  the  Forth,  and  ^Mr.  Russcl  in  the  Tweed,  -whieh  are  recorded  below.  From 
these  it  is  ajiparent  that,  contrary  to  the  movements  of  the  adult  salmon,  the  grilse 
or  young  tish  may  bo  said  to  ascend  all  at  once,  commencing  about  Juno,  doubt- 
less owing  to  their  having  then  attained  sufficient  strength  for  the  purpose.  Tho 
later  in  the  year  these  grilse  ascend  the  larger  (comparatively)  they  are.  Young 
fish,  as  has  been  pointed  out  by  Russcl,  arc  apt  to  live  in  shoals,  and  if  \vc  refer 
to  his  table  respecting  Salmonida3  in  the  Tweed,  we  see  that  the  trout  suddenly 
increase  in  numbers  in  June,  but  decrease  in  proportional  weight,  owing  to  tho 
ascent  of  young  fish. 

Heavy  rains  occasioning  floods  may  not  only  increase  the  take  in  the  rivers  and 

first  -were  recorded  on  June  28th,  and  in  1882,  a  week  later.  (5)  The  second  run  of  gi-ilse  ascends 
about  the  middle  of  June,  or  during  the  second  spring  tide ;  they  arc  from  '.i  lb.  to  5  lb.  (G)  The 
"  autunm  sahuon  "  ascend  at  the  end  of  June  ;  are  from  IG  lb.  to  40  lb.  (7)  Witli  tlic  first  spring 
tide  in  July,  quantities  of  grilse  ascend.  (8)  With  the  first  spring  tide  in  August,  grilse  from  81b. 
to  16  lbs.  ascend  in  shoals,  and  many  are  heavy  in  spawn.  (9)  "  Tlie  gray  scluilc  sahnon,"  or  tho 
regular  breeders,  ascend  witli  the  first  spring  tide  in  September,  or  later  if  the  water  is  low. 
Many  are  from  20  lb.  to  50  lb.  ;  some  are  very  dark,  others  very  red.  (10)  There  is  also  the 
"  gray  schule  grilse  ;  "  the  most  are  ugly-looking  fish,  and  very  shiny  all  over  their  scales. 

Eussel  (TIic  SahiioH,  1864)  remarked  that  the  reason  salmon  ascend  rivers  more  or  less  every 
month  of  the  year,  while  grilse  only  do  so  at  certain  periods,  or  so  to  speak  come  all  at  once,  must 
be  owing  to  one  being  an  adult  form  capable  of  ascending  at  any  time,  while  the  other  is  a  young 
fish  which  tirst  attains  to  that  capacity  at  that  season  when  its  ascent  is  practically  bound  to 
begin.  The  following  return  shows  the  proportions  of  salmon,  grilse,  and  trout  to  every  1000  of 
each  kind  caught  on  an  average  of  years  in  the  net  fisheries  of  the  river  Tweed  : — 


S.VLMON. 

Grilse. 

Trout 

February  (2nd  half  of)     22 

March      56 

April        89 

May          128 

June         138 

0 

0 
0 

1 

13 

8 

7 

23 

56 

173 

Salmon.  GEHiSE.  Trout. 


July         233 

371 

254 

August     151 

408 

164 

September          ...         113 

154 

129 

October  (1st  half  of)       71 

53 

186 

Salmon  ascend  in  every  month  of  the  year,  in  numbers  comparatively  not  very  unequal. 
Grilse,  speaking  roundly,  do  not  ascend  in  the  first  half  of  the  year,  and  all  but  a  fraction  within 
two  consecutive  months  in  the  middle  of  the  year  ;  subsequently,  their  ascent  is  checked.  Forms 
ascending  throughout  the  year  being  adults  ;  those  coming  in  shoals  being  the  young  of  the 
same  species.  That  this  is  so  is  further  borne  out  by  the  trout  column,  wherein  are  comprised 
both  old  and  young,  and  in  June  they  suddenly  increase  by  300  per  cent.,  and  another  50  per  cent, 
in  July,  during  which  month  a  fourth  of  the  whole  of  the  year's  captures  were  recorded,  while  the 
average  weight  falls  off  during  the  months  when  the  young  appear  to  be  ascending.  The  increase 
of  trout  in  October  is  due  to  fish  ascending  to  spawn,  when  the  average  weight  of  the  fish 
increases.  Eussel  has  also  shown  that  in  examining  some  returns  of  takes  of  grilse  and  salmon 
from  the  Tweed,  he  found  that  the  proportion  which  the  grilse  of  any  one  year  bore  to  the  average 
number  of  grilse,  was  found  to  be  just  about  the  proportion  which  the  salmon  of  the  following 
year  bore  to  the  average  number  of  salmon.  Taking  a  series  of  years,  the  average  weight  of  grilse 
captured  in  the  Tweed  was  found  to  be  in  June,  3  lb.  llj  oz.;  July,  4  lb.  5|  oz. ;  August, 
4  lb.  15  oz.  ;  September,  5  lb.  12^  oz. ;  October,  6  lb.  llf  oz. :  the  late  comers  having  been 
longest  in  the  sea. 

The  following  are  the  figures  supplied  me  at  luveran  on  the  Shin  by  Mr.  Mackay,  and  which 
include  the  takes  by  anglers  for  the  four  years  ending  188G  in  that  river : — 

S.VLMON.    Grilse. 


February... 

37, 

0 

March 

124 

0 

April 

143 

0 

May 

286 

13 

Salmon. 

Grilse. 

June 

88 

48 

July 

38 

131 

August     ... 

17 

34 

September 

41 

18 

Dr.  Frie  came  to  the  following  conclusions  respecting  the  migrations  of  the  Bavarian  salmon 
(he  omits  the  grilse),  among  which  he  observed  three  distinct  times  of  ascent  from  the  sea.  A. 
Not  read])  for  upaivning  when  ascending  :  (1)  At  the  end  of  February  under  the  ice,  or  March  until 
May.  Large  and  strong  fish  from  25  lb.  to  50  lb.  (avoirdupois),  famous  as  "  violet  salmon." 
(2)  From  the  middle  of  June  till  August,  if  the  rivers  are  not  too  low.  From  12J  lb.  to  22 J  lb. 
Flesh  reddish,  and  known  as  "  rose  salmon."  B.  Eeadij  to  spaicn  on  arrival :  (3)  First  half  of 
September  until  the  end  of  November,  and  in  mild  winters  until  December.  Weak  fish  from 
3  lb.  to  10  lb.,  or  even  15  lb.  Flesh  pale,  and  known  as  "silver  salmon"  {U.S.  Fishery 
Reports,  1876,  p.  607). 
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estuaries,  but  likewise  along  the  sea  coast,  wliicli  would  seem  to  show  that  some 
efFect  had  been  produced  which  induced  these  fish  to  press  onward  toward  the 
spawning  beds.* 

Bad  takes  in  a  given  year  may  be  often  due  to  causes  which  have  acted 
generally  upon  the  fishes,  or  else  been  locally  detrimental  to  their  appearance  oiF 
the  coast,  or  to  their  entering  estuaries  or  ascending  rivers  ;  while  on  the  other 
hand  a  good  season  may  be  mainly  owing  to  a  successful  breeding  season  three  or 
four  years  previously.  It  has  been  observed  by  Dr.  Murie  that  in  the  year  1867 
there  was  a  general  absence  of  grilse  throughout  the  waters  of  Great  Britain,  and 
in  1885  H.M.  Inspector  of  Fisheries  observed  "  that  it  is  remarkable  that  while  so 
large  a  run  of  grilse  was  obtained  in  the  Tyne  on  the  east  coast,  this  description  of 
fish  was  exceptionally  rare  in  the  rivers  of  the  Bristol  Channel  on  the  west 
coast."t 

During  their  migrations  up  river  these  fish  have  to  overcome  many  obstruc- 
tions, whether  natural  obstacles  or  artificial  impediments,  as  weirs,  and  frequently 
these  can  only  be  surmounted  during  a  heavy  flood.  While  in  the  Severn,  although 
salmon  ascend  every  tide,  the  shoals  seem  to  do  so  mainly  during  the  six  or  eight 
spring  tides  preceding  and  following  the  highest  spring,  while  the  most  do  so  just 
prior  to  the  highest  tide.  If  the  water  in  any  river  is  very  low,  possibly  the  pools 
■would  contain  no  safe  resting  places  for  ascending  salmon,  and  spring  fish  would 
be  very  unlikely  to  accomplish  their  ascent,  for  they  would  most  probably  be 
captured  by  man  or  destroyed  by  vermin. J 

It  has  been  observed  by  Mr.  Willis-Bund  (Salmon  Prohlems)  that  supposing 
a  clean  fish  were  interrupted  in  its  journey  up  stream  in  fresh  water,  it  drops  back. 
Thus,  he  remarked  that  a  poacher  who  has  missed  gaflBng  a  fish,  first  looks  for 
his  lost  game  in  the  pool  below,  not  in  the  one  above.  It  has  also  been  observed 
of  the  Californian  salmon,  that  when  a  rack  is  placed  across  a  river  the  unripe  fish 
drop  back.  In  November,  1885,  with  the  aid  of  Sir  J.  Maitland,  we  investigated 
this  on  a  small  scale  in  the  Teith,  and  when  netting  salmon  for  the  purpose  of 
obtaining  ova,  so  far  as  was  practicable,  each  fish  on  being  returned  into  the 
river,  had  an  elastic  band  slipped  over  its  tail ;  and  out  of  eight  shots  with  the 
net,  and  a  total  take  of  forty-three  fish,  three  of  which  were  clean,  we  only 
recaptured  one  marked  specimen.  We  worked  down  stream,  except  for  the  last 
two  shots,  and  it  was  at  shot  No.  7  that  the  marked  fish  was  taken.  Conse- 
quently it  would  appear  that  spawning  fish,  when  captured  below  where  they 

*  In  the  Birmingham  Dailij  Post,  July  17th,  1882,  it  was  stated  that  "  for  the  last  ten  days, 
owing  to  the  heavy  rains,  the  takes  of  salmon  in  the  principal  Scotch  rivers  have  been  extra- 
ordinarily large,  and  the  stake  net  fishing  on  the  sea  coast  has  also  been  unusually  productive. 
On  Tuesday,  on  a  stretch  of  coast  not  longer  than  eight  miles,  between  Montrose  and  Bervie, 
from  seven  to  eight  tons  of  salmon,  grilse,  and  trout  were  landed,  and  were  at  once  despatched 
to  the  southern  markets." 

t  Mr.  Willis-Bund  {Field,  August  7th,  1886)  remarked,  with  reference  to  the  laws  which 
regulate  the  migration  of  fish  in  connection  with  weather,  that  a  good  year  for  one  kind  of 
anadromous  fish  in  our  waters  is  usually  also  a  good  year  for  the  other  kinds,  while  if  it  is  a  bad 
season  for  one  kind,  it  is  usually  a  bad  season  for  all.  It  therefore  seemed  to  follo\y  that  the 
same  cause  which  leads  to  a  large  migration  of  one  kind  of  fish  will  produce  a  large  migration  of 
the  other  kinds,  always  opining  that  the  stock  of  each  kind  of  fish  is  kept  up  in  the  same  propor- 
tion. Isolated  migratory  sahnon  ascend  on  ahnost  every  tide,  but  the  shoals  in  the  Severn  only  on 
spring  tides,  and  mainly  on  the  six  or  eight  spring  tides  preceding  and  following  the  highest 
spring,  while  the  largest  is  just  before  the  highest  tide.  At  the  very  highest  tide  there  appears  to 
be  a  partial  or  entire  cessation  of  migration  (but  on  other  rivers  this  is  said  not  to  be  so) :  more 
fish  run  during  the  change  from  neap  to  spring  than  during  the  change  from  spring  to  neap,  while 
a  series  of  high  spring  tides  generally  give  a  larger  run  of  fish  than  a  series  of  moderate  spring 
tides.  Anglers  are  aware  that  with  a  falling  barometer  fish  usually  will  not  rise ;  it  may  be 
because  they  are  moving.  The  different  elements  in  the  Severn  required  to  bring  about  a  good 
run  of  fish  are  the  following:  (1)  A  high  spring  tide;  (2)  S.W.  wind;  (3)  higher  temperature 
of  water  in  the  estuary  than  the  land  water  in  the  river ;  (4)  low  but  steadily  rising  barometer 
to  a  height  of  29''  50' ;  and  (5)  moderate  rise  of  land  water.  ■  The  result  of  an  examination  of  the 
four  types  of  weather  leads  to  a  conclusion  that  fish  run  better  during  weather  of  a  southerly  or 
westerly  tyi^e  than  they  do  when  the  weather  is  northerly  or  easterly. 

X  Dr.  Brookes,  Art  of  Angling,  1799,  observed,  "where  the  salmons  have  not  dams^to  stop 
them  they  will  change  the  salt  for  the  fresh  water  several  times  during  the  summer"  (p.  150) :  and 
Dr.  Gunther  believes  that  a  salmon  changing  from  salt  to  fresh  water,  and  vice  versa,  several 
times  in  the  year,  only  occurs  in  rivers  falling  into  the  Moray  Firth. 
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intend  to  construct  their  nests,  may  be  cxrectcd,   on  being  returned  into  tlio 
stream,  to  ascend  it.* 

Durino-  their  ascent  these  fish  must  keep  to  the  middle,  or  deepest  and  satest 
part  of  a'^river,  where,  however,  they  are  constantly  pursued  by  the  netter,  and 
this  causes  them  to  become  shy.  They  will  not  lie  up,  but  seem  more  disposed  to 
push  on  to  their  brecdincr-grounds.  This  question  of  rapidity  of  ascent  is  one  by 
no  means  settled,  while  it  is  of  the  greatest  consequence  to  the  upper  riparian 
proprietors. t  Mr.  Willis-Bund  considers  that  in  the  Severn  they  go  up  stream 
very  leisurely,  as  two  or  three  miles  an  hour  ;  consequently,  in  a  river  having  a 
lono-  course,  the  weekly  close  time  merely  changes  the  locality  where  they  are 
captured,  for  he  believes  none  attain  to  the  upper  waters  during  the  netting 
season.  As  a  corroboration  of  this,  it  is  observed  that,  except  under  exceptional 
conditions,  it  is  some  days  after  the  nets  are  off  rivers  before  the  upper  proprietors 
have  much  chance  of  hooking  a  fish. 

In  some  places  it  has  been  remarked  that  the  male  fish  appears  to  ascend  more 
rapidly  than  the  female,  and  the  sexes  have  even  been  observed  to  migrate  m 
distinct  companies. :{:  . 

In  their  course  up  stream  it  is  very  remarkable  what  ditticulties  they  will 
overcome.  §  While  at  impassable  cascades  they  have  been  observed  to  die, 
consequent  upon  repeated  but  fruitless  exertions  in  attempting  to  ascend,  a 
clear  jump  of  six  feet  being  probably  as  much  as  a  salmon  under  ordinary 
conditions  could  accomplish. 

In  the  Severn  it  has  been  remarked  that  after  the  exertion  of  crossing  a  weir 
or  ascendino-  a  rapid,  they  take  a  rest;  for  the  best  draught  of  these  fish  are 
captured  above  the  obstruction  in  the  dead-water.  Kelts  when  obstructed  m  then- 
course  down  a  river  are  said  to  strike  up  stream  ;  thus,  we  are  told  that  at 
Powick  weir,  which  solely  captures  ascending  fish,  keUs  are  often  taken  m  the 
spring,  and  usually  when  there  is  a  slight  fresh  in  the  river. 

For  the  purpose  of  assisting  salmon  to  surmount  natural  or  artificial  obstructions 
which  hinder  or  prevent  their  ascending  rivers  or  attaining  to  their  natural 
spawning  beds,  fish-passes,  ||  or  fish-ladders,  are  generally  erected,  especially  where 

*  In  April,  1886,  it  was  reported  to  the  Severn  Fishery  Board  (FieM,  April,  1886)  "  that  but  little 
progress  has  been  made  iu  the  matter  of  fixing  labels  on  salmon  returned  to  the  river,  tlie  labels 
not  having  been  received  until  late  in  January.  All  the  nineteen  fish  secured  for  spawning 
operations  had,  however,  been  marked  before  returning  to  the  river.  Several  of  the  marked  fish 
had  been  recaptured,  and  in  all  cases  higher  up  the  river.  One  fish  liberated  at  Worcester  was 
caught  two  days  afterwards  at  Lincombe,  nine  miles  higher  up  the  river,  and  had  passed  over 

'^tTivingston-Stone,  speaking  of  S.  qulnnat,  says  that  "their  rate  of  progress  up  the  rivers 
varies  between  very  wide  limits.  The  earliest  runs  are  the  longest  time  on  then;  way  up  the  river. 
The  latest  runs  mcake  the  journey  more  quickly.  The  fish  seem  to  regulate  their  speed  according 
to  the  forwardness  of  their  eggs."  While  Professor  Benecke  (Germaji  lush.  Assoc,  March,  188(> 
could  not  observe  in  the  Kiiddow  or  Rheda  during  two  years'  mvestigations  any  law  governing 

the  migrations  of  these  fishes.  i.     i   i,  „„„„„  cV,/m-,i;i  omr 

t  Some  fishermen  consider  that  the  larger  fish  head  the  ascending  shoal,  because  should  any 

such  be  netted  a  good  haul  generaUy  follows  ;  whereas,  if  smaller  fish  are  first  taken,  the  main 

body  seems  to  have  passed.  -,  ,,    ,  ■.    i        ^  ^t  ^.n^r,-,,^«  fr^y 

Livingstone- Stone  remarked  that  "  it  frequently  happened  that  a  whole  run  of  ^almon  for 
several  days  will  be  composed  almost  entirely  of  males,  the  effect  of  which  of  course,  is  to  leave 
the  females  together  by  themselves,  whether  they  take  an  active  part  or  not  in  bringmg  about  the 
separation.  In  fact,  in  hauling  a  seine  frequently  in  a  river  for  some  time,  it  is  generally  ^ely 
noticeable  that  the  sexes  alternate  in  running  up  the  river  about  the  spawning  season  a  laige 
body  of  males  being  followed  by  a  large  body  of  females,  and  these  by  a  run  of  males  again,  and 
so  on  through  the  teason."  (Bull,  U.S.  Fish.  Connn.,  1885  p  468.  Mr.  Wilhs-Liind  has  also 
observed  "  that  the  male  fish  swims  up  the  river  more  quickly  than  the  female;  at  all  events  tlie 
higher  up  the  river  the  netting  takes  place,  the  greater  percentage  of  males  to  females  caught. 

(Salmon  Problems,  page  156.)  t  n  „f  on  u    i,„t  ,ivnVnblv  he 

§  Fleming  asserted  that  he  had  known  a  salmon  leap  up  over  a  fall  of  30  ft,  but  piobam>  no 
intended  to  mean  in  a  succession  of  jumps  from  one  pool  or  restmg-p  ace  to  a^othe  ,  ivsiss 
(Travels  in  Iceland)  declared  that  from  personal  observation  he  knew  ^lioy  v  e  e  aUc  to  daij 
hemselves  nearly  14  ft.  perpendicularly  out  of  the  water.  P.^-^^^f  ^^^  Landnia  k  lia^^^ 
(Nature,  August  16th,  1885)  that  he  had  witnessed  their  jumping  16  ft.  Parpen  hcularly,  but 
iontinukT"  Such  junips  ai4  rare."  Scrope,  after  making  a  number  of  observations,  came  to 
the  conclusion  that  6  ft.  or  7  ft.  came  nearer  the  truth.  ,-v,„n;rv  bears 

II  The  Commissioners  in  1861  reported  that   "every  fact  elicited  during  our  inquiry  bcais 
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weirs  exist  in  wliicL  tliere  is  no  free  gap.  However  efficient  these  passes  may  be 
they  are  not  complete  cures  for  the  injuries  inflicted  by  the  obstructions,  for  here, 
except  during  very  high  floods,  the  salmon  will  often  loiter  while  ascending,  and  the 
kelts  descending,  as  if  they  were  hesitating  prior  to  trusting  themselves  to  these 
unnatural  roadways. 

Fish-passes  are  constructed  of  wood,  stone,  concrete,  or  iron,  and  may  be 
classed  under  such  as  assist  the  fish  by  means  of  steps  or  pools  to  ascend  over  or 
even  round  any  obstacle,  or  else  by  means  of  a  succession  of  lochs  to  pass  through 
the  obstruction.  But  from  the  year  1830,  when  Mr.  Smith  of  Deanston  invented 
the  first  salmon  ladder  used  in  this  country  until  the  present  day,  many  improve- 
ments have  been  made ;  but  in  all  it  would  seem  that  the  most  efiective  are  such 
as  improve  a  natural  passage,  while  if  steps  or  stairs  are  employed  the  gradient 
should  not  exceed  an  incline  of  1  in  8.  The  second  class  of  passes,  or  such  as 
are  intended  to  assist  fish  passing  through  the  body  of  an  obstruction,  are  few  in 
number  and  scarcely  in  favour  at  present.* 

When  descendingt  seawards,  it  would  appear  that  the  salmon  usually  pass 
gradually  into  the  salt  water,  but  a  heavy  flood  sometimes  carries  weak  fish  down 
stream.  Many  observations  have  been  made  that  none  but  kelts  ever  descend 
salmon  rivers,  and  I  have  heard  experienced  net  fishermen  in  the  Teith  hold  this 
opinion,  as  they  consider  all  clean  fish  will  be  killed  ;  but,  as  I  have  already 
observed,  if  not  killed  (see  page  69)  some  must  descend  to  the  sea  before  they  will 
be  in  a  condition  to  spawn,  a  view  confirmed  by  the  experiments  made  in  the 
United  States  (see  page  79),  that  salmon  in  some  rivers  only  breed  in  alternate 
years.  The  pinks  or  smolts  keep  to  the  sides  of  the  river,  but  having  once 
an-ived  at  the  tideway  would  seem  to  seek  the  deep  water,  to  return  again 
at  a  future  date  as  breeding  gi-ilse. 

witness  to  the  conclusion  that  an  open  river  is  the  best  for  all,  and  that  a  recurrence  to  the 
ancient  and  clearly  pronounced  policy  of  the  country  by  the  removal  of  obstructions  from  the 
water  is  the  sure  and  only  road  to  the  restoration  of  the  fisheries." 

*  The  reader  must  be  referred  to  works  on  "  fish  culture  "  for  full  details  as  to  fish-passes. 

f  Mr.  Stephen  deposed,  before  the  Committee  on  the  Salmon  Fisheries,  in  1824,_  that,  "  Our 
cruives  in  the  Eiver  Don  are  so  constructed  that  salmon  of  10  lb.  weight  can  at  all  times  go  up, 
but  none  can  descend  past  the  cruives.  We  fish  generally  in  the  pools  above  the  cruives,  and  if 
the  unspawned  salmon  returned  again  down  the  river  we  would  undoubtedly  catch  them  there, 
which  is  never  the  case.     They  are  never  seen  to  descend  the  river,  except  as  kelts,  after  havmg 

spawned."  .    ,   ,    x       j.  i^ 

James  Halliday  deposed  that  salmon  which  enter  rivers  at  any  period,  but  not  for  spawning, 
v.-ould  return  again  to  the  sea  at  times,  were  such  return  not  cut  off  by  want  of  water  on  the 
shallows  ;  but  if  floods  occur,  they  descend.  He  continued,  respecting  the  Sand  Tool  in  the 
Annan  :  '"  Although  we  had  fished  this  pool  quite  clean  of  fish  before  the  rain  came  on,  yet 
whenever  the  rain  did  come  on  we  then  continued  fishing  constantly,  until  the  water  rose  so  high 
that  we  could  not  manage  it,  and  we  got  the  salmon  and  grilses  coming  down  the  river  all  the 
time  into  the  pool ;  some  of  them  had  the  appearance  of  having  laid  long  in  the  water,  and  were 
very  much  exhausted— quite  changed  in  the  colour,  as  if  they  had  hung  in  a  smoky  chimney  for 
some  time  ;  others  were  very  red  in  the  skin,  by  having  been  in  the  fresh  water  for  some  time.  I 
have  known  us  take  103  fish  in  one  night  in  that  pool  after  the  rain  commenced,  although  we  had 
fished  it  clean  immediately  before.  Our  opinion  was  that  the  fish  came  down  from  the  river 
above,  out  of  the  rocky  waters  of  the  Bridekirk,  Loos,  and  Hoddam.  The  reason  for  fishmg  the 
pool  at  that  particular  time,  was  that  the  river  at  the  foot  of  it  parted  into  three  small  branches, 
and  the  pool  itself  was  very  deep.  When  the  water  was  rising  the  fish  could  not  find  their  way 
so  readily  down  there,  and  they  turned  into  the  deep  pool,  and  we  kept  drawing  constantly  as 
long  as  we  could  manage  the  water."  ....         ^t       i 

Mr.  Buist  (Qmirte)-})/  Journal  of  Agriculture,  1832,  p.  624),  criticizing  Hogg  s_  paper, 
remarked:— "He,  however,  is  wrong  in  stating  that  clean  salmon  return  to  the  sea  m  great 
numbers  "from  Glenlyon,  on  the  upper  part  of  the  Tay,  without  having  spawned.  After  the 
salmon  leaves  the  tideway  of  the  river,  it  pushes  upwards  to  the  smaller  rivers,  and  when  these 
subside,  it  may  return  do^\'nwards  to  the  pools  in  the  larger  rivers.  We  seldom  or  never  see 
a  salmon  that  has  been  long  in  the  fresh  water  return  unspawned  through  the  bridge  at  Perth, 
which  is  nearly  about  the  boundary  of  the  tideway.  Men  are  stationed  on  the'  bridge  to 
observe  every  fish  that  passes  in  the  ordinary  state  of  the  river.  Below  that,  among  the  many 
thousands  of  salmon  that  I  have  seen  taken,  few  or  none  bore  the  appearance  of  having  been 
long  in  the  fresh  water.  While  many  hundreds  of  foul  or  newly-spawned  fish  are  hauled 
ashore  every  year,  we  get  none  with  milts  or  roes  returning  to  the  sea,  or  that  have  the 
emaciated  appearance,  and  maggots  in  the  gills  which  characterize  the  fish  that  are  found 
far  up  out  of  the  tideway  and  have  been  long  in  the  fresh  water." 
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Before  passing  fi'oni  the  migrations  of  salmon,  ifc  is  necessary  to  observe 
npou  what  have  been  termed  "  pool-bound  "  fish,*  or  those  which  have  been  some 
time  in  the  river,  remain  in  the  pools,  but  refuse  to  rise  to  the  angler's  lure, 
consequent  upon  the  absence  of  floods :  while,  owing  to  their  having  been  some 
time  from  the  sea,  they  ai'e  generally  of  a  more  or  less  red  or  rusty  colour. 

Marking  fish  is  of  ancient  date.  Isaak  Walton  alluded  to  observations  made 
by  tying  ribbons  on  the  tails  of  some  numbers  of  young  salmon  wliicli  were  taken 
subsequently  at  the  same  place.  The  reasons  for  thus  marking  fish  are  various, 
as  for  the  purpose  of  tracing  their  growth  or  their  migrations,  or  facts  as  to  their 
breeding,  such  as  Avhether  they  do  so  annually,  biennially,  or  otherwise.  And 
while  it  is  necessary  that  the  marks  should  be  distinct,  in  order  that  the  fish  may 
be  unmistakably  recognized  at  an}-  future  date,  even  by  common  fishermen, f  it 
is  also  desirable  not  to  occasion  any  serious  injury.  It  would  be  better  did  the 
skin  remain  unbroken,  as  abrasions  might  be  the  means  by  which  the  spores  of 
the  dreaded  saprolegnia  may  obtain  admittance ;  also  external  pressure  long 
continued  may  set  up  irritation,  ulceration,  and  so  induce  fungus  ;  Avhile  any 
markings  must  not  be  allowed  to  interfere  with  the  movements  of  the  fish. 

Cutting  part  of  the  fins  has  been  advocated,  such  as  one  of  the  lobes  of  the 
tail,  or  removing  part  of  the  bases  or  lower  portion  of  some  of  the  rays  in  the 
back  fin  :  or  else  employing  the  dead  or  adipose  fin  for  this  purpose,  as  dividing  it 
into  two,  cutting  a  notch  out  of  it,  or  even  removing  it  entirely ;  but  it  is  difficult 
to  obtain  such  a  variety  in  sections  of  these  fins  that  we  could  distinguish  any 
particular  fish  so  as  to  be  positive  as  to  the  period  when  it  was  last  marked. 
Also  some  forms  of  incisions,  as  for  extracting  the  lower  portion  of  rays,  may 
occasionally  be  seen  in  fishes  captured  in  the  wild  state,  while  removing  portions 
may  be  due  to  the  attacks  of  enemies. 

Branding  is  open  to  many  objections  ;  and  although  Buckland  suggested  a 
burn  from  a  match  on  the  cheek  would  be  indelible,  such  is  doubtful  ;  while  even 
were  an  indelible  scar  there,  its  origin  would  always  be  open  to  question.  In 
short,  branding,  to  be  efficient,  must  cause  mutilation. 

Cross-cupping  kelts  has  been  advised,  but  cannot  be  recommended. 

Puncturing  a  hole  in  the  gill-covers  was  not  found  to  be  a  success  at 
Stormontfield,  as  the  place  rapidly  filled  up  again  (Broum,  p.  68). 

Elastic  bands  round  the  free  portion  of  the  tail  so  far  have  been  a  failure. 
I  tried  them  in  1885,  using  both  elastic  bands  punched  out  of  a  flat  sheet,  and 
likewise  bands  cut  from  tubing ;  but  the  result  was  unsatisfactory,  the  pressure 
occasioning  fungus.  On  netting  a  pond  at  Howietoun  in  October,  1886,  in  which 
several  fish  had  been  so  marked,  none  were  found ;  and  some  are  known  to 
have  died  from  fungus  which  these  bands  evidently  caused.  One  sent  to  an 
aquarium  even  lost  the  whole  of  its  caudal  fin,  but  still  lives.  Possibly  the  fish 
thus  marked  in  the  rivers  of  the  United  States  were  not  again  recaptured,  because 
they  had  all  died. 

It  seems  to  be  generally  considered  that  a  metallic  tag  is  necessary,  having  a 
number  stamped  upon  It,  and  attached  by  a  wire  to  one  of  the  fins.J  A  silver 
wire  has  been  placed  in  the  form  of  a  loose  ring  through  the  dead  fin,  but  it 
seems  very  questionable  whether  it  would  not  most  probably  ulcerate  through, 
and  so  be  lost.§  A  wire  has  also  been  placed  round  the  bases  of  the  first  or  last 
few  of  the  dorsal  rays.  In  the  United  States,  the  first  tag  employed  was  a  thin 
aluminium  plate,  |-  x  :^  of  an  inch,  attached  to  an  india-rubber  band,  which 
encircled  the  free  portion  of  the  fish's  tail:  but  no  fish  thus  marked  were 
recaptured.    Next  an  aluminium  tag  was  attached  by  a  platinum  wire  at  the  base  of 

*  See  article  by  Mr.  Senior,  Eed  Spinner,  Field,  September  25th,  1886. 

f  It  is  almost  needless  to  point  out  that  care  should  be  taken  that  they  cannot  bo  imitated  for 
the  purpose  of  obtaining  rewards. 

X  At  Stormontfield,  Brown  observed  that  no  ringed  fish  were  retaken,  so  he  questioned 
whether  a  foreign  substance  could  be  inserted  into  a  smolt  in  fresh  water,  that  would  remain  for 
any  length  of  time  attached  to  the  fish  after  it  had  gone  to  the  sea. 

§  Plated  tags,  with  numbers  engraved  on  them,  are  employed  on  the  Severn ;  but  it  is  very 
doubtful  if  they  will  be  a  success.  The  fish  is  held  in  the  lave  net  at  the  side  of  the  boat  while 
the  wire  is  passed  through  its  fin.     Zinc  labels,  of  course,  would  be  destroyed  by  sea  water. 
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the  last  few  dorsal  rajs,  the  wire  being  threaded  to  a  needle,  and  so  readily 
passed  through,  the  ends  being  twisted  together  in  a  loop.  But  the  aluminium 
tags  became  brittle  after  being  a  short  time  in  water,  and  fell  off,  so  platinum  wire 
and  tags  were  substituted,  and  seem  to  be  durable. 

The  subject  of  "early"  and  "late"  rivers  has  been  already  remarked 
upon,  whether  these  are  coincident  with  the  ascent  of  clean  fresh-run  fish 
or  the  period  at  which  they  breed,  which  latter  occurrence  generally  takes  place 
in  Great  Britain  between  the  middle  or  last  week  in  October  until  the  middle  of 
February  or  even  later.*  Those  eggs  deposited  early  in  the  cold  up]3er  waters  of 
rivers  would  take  longer  hatching  than  such  as  are  in  warmer  affluents  lower 
down  and  nearer  to  its  mouth.  Instances  have  been  adduced  (page  63)  wherein 
these  fish  have  been  observed  going  to  the  redd  in  March ;  but  it  is  not 
improbable  that  the  progeny  from  such  late  breeders  would  be  few,  even  if  any 
survived,  as  the  redds  are  often  prepared  in  unsuitable  places.  For  the  late 
migrants  are  mostly  fish  which  are  weakly  or  have  been  detained  en  route,  and 
consequently  have  to  be  satisfied  with  forming  their  redds  in  the  lower  portion  of 
the  rivers,  where  disturbing  influences  are  most  prevalent. f  The  time  during 
which  salmon  remain  in  our  rivers  for  spawning  purposes  is  rarely  less  than  three 
months,  but  such  must  be  regulated  by  many  causes,  as  distance  to  be  traversed, 
accessibility,  temperature,  &c.  ;  while  there  are  certain  fishes  in  which  abnormal 
development  occurs  by  having  eggs  at  unusual  seasons.^ 

Prior  to  following  out  these  periods  more  in  detail,  several  questions  in  the 
life-history  of  these  fishes  require  solution,  while  others  which  it  is  believed  have 
been  solved  may  perhaps  be  found  to  be  worthy  of  still  further  investigation. 
We  have  had  it  proved  that  salmon  eggs  deposited  in  the  sea  necessarily  die  from 
the  direct  injurious  effects  of  the  saline  water  5  we  know  that  young  salmon  or 
grilse  give  smaller  ova  than  older  and  more  mature  salmon ;  while  we  are  also 
aware  that  the  size  of  the  eggs  in  the  ovary  of  one  of  these  fishes  are  not  all  the 
same.  The  age  at  which  tliese  fishes  first  breed  has  been  a  disputed  point,  while 
the  experiments  made  at  Howietoun  may  be  open  to  discussion  as  to  whether 
fishes  artificially  raised,  and  subsequently  retained  semi- domesticated  in  fresh 
waters  without  being  able  to  descend  to  the  sea,  carry  on  this  function  similarly 
to  those  in  a  wild  state.  Can  it  be  that  the  breeding  in  the  females  under  such 
conditions,  it  may  be  asked,  is  deferred  for  a  season  ?  but,  no  data  on  which  to 
base  such  a  theory  actually  exist. 

It  must  be  evident  that  forming  conclusions  as  to  age  simply  from  observing 
fish  in  rivers  at  different  times  of  the  year,  but  helieved  to  be  the  same  brood, 
would  be  liable  to  give  rise  to  more  or  less  error.  While,  as  already  observed, 
marking  fish  should  be  done  more  carefully  and  systematically  than  at  present  to 
furnish  reliable  facts.  On  the  other  hand  when  care  is  taken,  as  at  Howietoun, 
to  segregate  the  fishes  forming  the  different  experiments,  data  are  obtained  which 
must,  as  a  rule,  be  more  or  less  doubtful  among  fish  in  a  river.  The  Howie- 
toun experiments  have  shown  that  young  male  and  female  salmon  kept  in 
suitable  fresh-water  ponds^  may  develop  milt  or  ova.     Some  were  hatched  in 

*  In  the  Tay,  spawning  is  said  to  usually  commence  about  Martinmas  (November  lltli) ;  but 
in  1881  fish  were  not  found  rijDe  by  the  Stormontfield  fish-culturists  until  December  22nd  or 
23rd ;  while  in  1883  it  was  not  until  December  31st  that  the  hatchery  was  fully  stocked.  Teith 
salmon  are  said  to  spawn  a  little  later  than  those  of  the  Tay;  and  Mr.  Napier,  the  local 
superintendent,  observed  that,  as  a  rule,  the  period  is  from  November  22nd  or  23rd,  and  lasts 
until  the  early  part  or  middle  of  January. 

f  Late  fish  when  forming  their  redds  frequently  rout  up  those  which  were  existing  in  the 
same  spot,  and  consequently  many  ova  are  carried  away  down  stream.  It  has  been  remarked  that 
this  procedure  permits  of  any  diseased  eggs  being  washed  away  and  not  left  to  contaminate  the 
good  ones  ;  but  it  does  not  seem  improbable  that  such  treatment  is  worse  than  the  disease.  In 
some  seasons,  when  the  water  in  the  rivers  is  too  low  for  breeding  fish  to  ascend,  they  deposit 
their  ova  at  the  mouths  or  in  the  sea,  occasioning  the  loss  of  the  year's  supply  of  eggs.  For 
when  the  ova  are  ripe  for  extrusion,  the  female  even  by  the  muscular  exertion  of  swimming  or 
partaking  of  food,  and  so  distending  the  abdomen,  may  cause  their  expulsion. 

J  In  The  Field  of  April  30th,  1881,  an  account  was  given  of  one  15  lb.  weight  with  ova  the 
size  of  No.  G  shot  captured  in  the  Severn  above  Shrewsbury. 
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Marcli,  1881,  and  most  of  the  male  pars  had  milt  in  November,  1883,  or  when 
2  years  and  8  months  okl  ;  also  two  or  three  smolts  of  the  samo  afo  had  ova 
which  probably  would  have  matui-ed  but  they  jumped  out  of  the  pond  and  so  mot 
with  their  deaths.  In  Novannbcr  or  Deeombe;',  188 1,  or  at  3  years  and  8  months 
age,  all  these  Hshcs  seemed  ready  to  breed,  and  young  were  bred  from  their 
spawn.*  Consequently,  descending  to  the  sea  prior  to  depositing  ova  is  not  a 
physiological  necessity  for  young  salmon. f 

Whether  simply  the  heat  of  the  water,  unless  excessive,  exercises  any  delete- 
rious effect  upon  the  breeding  fish  we  have  but  little  evidence  on  which  to  rely, 
but  in  the  United  States  Fishery  lieports  for  187G  Mr.  Atkins  remarked  of  the 
Atlantic  salmon,  Salmo  salar,  in  the  Penobscot  in  1873,  that  the  temperature  in  the 
ponds  in  which  those  for  spawning  were  confined,  "  between  June  28th  and 
August  13th  there  were  only  tiv^e  days  when  the  water  at  the  bottom  of  the  pond 
stood  below  70°  Fahr.,  and  on  one  occasion,  July  31st,  it  rose  as  high  as  7(i^  Fahr. 
Not  only  did  no  salmon  die  during  this  lieated  term,  but  at  the  succeeding 
spawning  season  they  came  out  in  perfect  condition  and  yielded  eg-gs  of  the 
highest  degree  of  health  and  vigour." 

At  the  spawning  time+  these  fish  are  in  a  poor  condition,  covered  with  slime 
and  often  nearly  as  slippery  as  eels,  for  at  this  period  they  almost  cease  feedino-, 
living  upon  the  fat  which  has  accumulated  in  their  system  during  their  residence  in 
the  salt  water,  where  the  supply  of  food  was  abundant.  Possibly  the  fat  in  the 
salmon's  system  may  be  more  rapidly  used  up  in  cold  rivers  than  it  is  in  warm 
ones. 

The  eggs  of  the  salmon  are  small,  nearly  round,  elastic  bodies,  of  a  clear  white, 
pink,  or  even  coral  colour. §  Due  to  their  tough  outer  coat  they  are  very  elastic 
as  may  be  seen  by  throwing  one  on  the  ground,  from  whence  it  will  rebound  like 
an  india-rubber  ball.  This  strength  and  elasticity  we  know  must  be  an  exceedingly 
important  property  if  Ave  i^emember  where  these  eggs  are  deposited  and  what  an 
amount  of  pi*essure  they  have  to  undei'go.  The  following  are  the  sizes  observed  in 
some  salmon  eggs  (see  page  25  ante)  :  of  Howietoun  grilse  up  to  1\  lb.  weio-ht 
0-20  to  0'22  of  an  inch  in  diameter  ;  while  of  these  fishes  from  the  Teith,  taken 
Nov.  26th,  1885,  a  10  lb.  grilse  had  them  0-20  ;  a  16  lb.  salmon,  Nov!  1881, 
0"21<  of  an  inch;  a  15  lb.  salmon,  Nov.  26th,  1885,  0  27  of  an  inch,  and  the  eo-o-s 
of  one  large  salmon  in  1884,  weight  not  noted,  were  up  to  0'30  of  an  inch. 
Here  we  observe  a  considerable  variation  in  size  from  0'20  of  an  inch  in  the 
diameter  of  the  eggs  of  a  grilse,  to  0*30  of  an  inch  in  that  of  a  salmon,  while  these 
eggs  have  been  obtained  of  a  still  larger  size.|| 

*  Grilse,  it  has  been  asserted,  in  some  rivers  breed  earlier  in  the  cold  season  of  the  year  than 
do  salmon,  which  it  has  been  surmised  is  due  to  their  being  fish  in  which  the  time  of  reproduction 
has  been  deferred  from  February  or  March  until  October  or  November.  As  at  the  i^eriod  "rilse 
spawn  fertile  male  pars  would  be  present  in  the  rivers,  it  would  aj^pear  not  improbable  that  they 
might  i^erform  the  necessary  marital  otiice. 

t  Many  have  held  the  opinions  which  Rasch  so  fully  detailed  in  1860  when  he  commenced 
by  the  inquiry  why  it  is  that  all  the  male  fish,  including  those  that  have  gone  to  the  sea  and  those 
that  remain  behind  in  fresh  water,  have  their  reproductive  organs  fully  developed,  while  the 
female  is  under  the  necessity  of  making  the  journey  to  the  sea  before  being  able  to  spawn 
(see  page  C9  ante).  He  considered  that  if  smolts  were  prevented  going  to  the  sea  they  would 
readily  accustom  themselves  to  a  fresh- water  home,  if  the  piece  of  water  were  sufficiently  extensive  • 
and  "  should  the  water  be  a  very  large  lake,  such  as  Ladoga,  Wener,  Peipus,  and  as  rich  in 
nourishing  food,  the  fresh-water  salmon  will  then  attain  about  tbe  same  size  as  the  salmon  of  the 
sea."  He  also  observed  that  Hetting  hatched  out  numbers  of  salmon  ova,  which  he  subsequently 
turned  loose  into  the  Tyri-fiord  :  and  during  the  last  two  years  fish  had  been  caught  in  that  lake 
resembling  in  every  respect  salmon  proi^er. 

I  It  has  been  suggested  that  a  sojourn  in  fresh  water,  even  if  such  be  merely  temporary,  may 
give  the  first  impulse  towards  bringing  the  sexual  organs  to  maturity,  but  there  does  not  ai)pcar 
to  be  any  evidence  on  which  to  base  such  a  theory,  and  the  breeding  of  the  land-locked  races  and 
the  Howietoun  experiments  clearly  demonstrate  that  the  maturity  of  the  breeding  organs  may 
occur  without  any  migration  from  the  fresh  waters  in  which  the  fish  were  originally  hatclied. 

§  The  micropyle  in  the  salmon's  eggs  from  the  Teith  had  nine  pits  or  depressions  around  the 
opening  in  such  as  were  examined. 

\\  Stoddart,  Anfflefs  Companion,  1847,  held  that  the  eggs  were  fertilized  before  tliey  were 
extruded,  and  that  it  was  a  "  false  but  popular  notion  that  the  ova  of  the  salmon,  previous  to  its 
being  emitted,  is  in  an  unimpregnated  state"  (page  188). 
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Some  autliors  have  laid  great  stress  upon  the  weight  of  the  eggs  in  these  fish 
at  different  stages  as  compared  with  that  of  the  mother,  but  very  unnecessarily  so, 
for  such  afi'ords  but  little,  if  any,  usefixl  information.  The  eggs  up  to_  a  given 
point  constantly  increase  in  size  and  weight,  consequently  their  comparison  with 
that  of  the  body  of  the  parent,  which  remains  the  same  or  even  diminishes  in 
weight,  must  be  almost  daily  changing. 

Salmon  are  provided  with  numerous  eggs  in  order  to  meet  the  destructive 
agencies  to  which  the  ova  and  young  are  subjected,  and  these  are  as  a  rule 
sufficient  to  counterbalance  natural  waste,  which,  however,  must  be  enormous,* 
for  the  number  of  eggs  which  each  female  salmon  produces  has  been  estimated  at 
about  900  for  every  pound  weight  of  the  parent  fish,  but  they  may  exceed  these, 
thus  one  weighing  20  lb.  contained  27,850  eggs.f  _  It  is  very  obvious  that  the 
number  of  young  reared  from  fish  left  to  nature  is  far  less  than  what  obtains 
in  those  artificially  propagated.  In  the  Tay,  so  soon  as  artificial  propagation 
commenced,  the  augmentation  was  as  much  as  10  per  cent.,  an  increase  not 
apparent  in  rivers  in  which  this  mode  of  fish  cultivation  was  not  carried  on. 
This  is  now  adopted  in  many  rivers  v.diere  the  eggs  in  their  natural  state  prove 
unequal  to  the  destructive  agencies  that  affect  them.  While  the  number 
removed  for  this  purpose  from  streams  is  but  a  small  percentage  to  what 
i"emains.;J: 

It  has  already  been  observed  (p.  26)  that  immaturity  of  parents  may  occasion 
sterility  of  the  eggs  or  disease,  as  dropsy,  of  the  offspring,  while,  although,  as  I 
shall  have  subsequently  to  observe,  it  has  been  stated  that  the  milt  of  young  pars 
has  all  the  properties  of  that  from  adult  fish,  such  is  contrary  to  my  experience. § 

Doubtless  the  prejudices  of  many  persons  were  formerly  in  favour  of  not 
interfering  with  nature,  and  permitting  salmon  to  breed  as  best  they  could  in  our 
rivers  and'' streams,  but  some  of  the  latter  had  already  been  deprived  of  these  fish 
through  the  greed  of  the  fishermen,  poisoning  of  the  waters  or  other  causes,  and 
it  appeared  that  if  the  rivers  could  not  be  restored  to  their  pristine  condition, 
artificial  attempts  at  propagation  should  be  attempted.      (See  pp.  29-36  ante.) 

It  has  been  disputed  as  to  whether  salmon  are  annual  breeders, ||  breed  on 
alternate  years,  or  every  third  year  as  suggested  by  Buckland,  or  merely  do  so 
once  in  their  existence.  This  last  proposition  may  be  well  dismissed,  because  if 
such  were  so,  fertile  pars  or  grilse  would  be  subsequently  sterile  which  is  not  the 
case.  The  young  males  kept  in  fresh  water  having  milt  for  two  successive  seasons 
has  been  observed  at  Howietoun  :  while  the  experiments  made  on  the  Penobscot 
River  would  seem  to  show  that  there  at  least  the  fish  breed  every  alternate  year, 

*  It  was  calculated  by  Stoddart  and  others  that  if  salmon  eggs  are  left  to  nature  the  produce 
is  about  four  or  live  fish  fit  for  the  table  for  every  30,000  ova  deposited,  whereas  the  same  number 
are  obtained  from  every  800  eggs  artificially  protected.  Mr.  Ashworth  stated  it  as  his  opinion,  in 
which  Mr.  Ffennell  coincided,  that  not  above  one  in  0000  salmon  ova  deposited  naturally  in  the 
bed  of  a  river  arrives  at  the  grilse  or  salmon  state  and  becomes  marketable.  He  argued  that  more 
than  24,000  fish  of  various  ages  annually  ascended  the  river,  half  being  females,  or  12,000  fish 
from  6  lb.  to  12  lb.,  which  would  give  72,000,000  ova,  or  one  from  GOOO  ova  deposited  naturally 
in  the  river  (Brown,  Siormontficld  E.vperimeuts,  p.  85).  These  figures,  however,  are  founded 
upon  calculations  some  of  which  may  be  fallacious,  for  instance,  if  the  number  of  adults  left  m  a 
river  are  taken  as  the  basis  it  was  probably  computed  they  breed  every  year,  but  if  some  only  do 
so  on  alternate  years  this  would  considerably  alter  the  number. 

t  We  are  told  that  a  Penobscot  salmon,  Salmo  salar,  of  about  8  lb.  weight  does  not  give  more 
than  5000  or  GOOO  eggs.  ,        ,     ,  , 

+  Eggs  have  been  found  to  still  retain  their  vitality  in  a  female  salmon  that  had  been  dead 
two  hours  or  even  more,  having  been  successfully  vivified  by  the  milt  from  a  live  male. 

§  As  corroborative  of  the  above  view  that  the  milt  of  these  young  salmon  pars  was  deficient  in 
marital  powers,  I  may  mention  that  on  Nov.  20th,  1883,  1000  eggs  of  the  common  brook  trout 
were  milted  from  a  Howietoun  salmon  par  which  had  been  dead  a  few  hours.  But  not  a  single 
egg  fructified  ;  only  three  turned  white  in  December,  three  in  January,  and  fifteen  in  February,  or 
a  total  of  twenty-one.  On  March  12th  the  remainder  were  still  quite  clear,  but  destitute  of  any 
sign  of  a  contained  embryo. 

II  Mr.  Buist,  writing  to  The  Field,  observed,  "  a  few  years  ago  a  fine  male  fish  of  about  20  lb. 
was  used  for  spawning  purposes  at  Stormontfield.  A  mark  was  put  on  him  by  means  of  a  copper 
wire,  and  two  years  afterwards  he  was  got  when  nearly  30  lb.  weight  on  the  same  ford,  and  at  the 
same  season  :  and  after  doing  duty  again,  was  returned  to  the  river  hale  and  strong,  but  he  was 
not  traced  afterwards." 
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while,  unless  there  is  a  very  groat  difference  in  the  distanco  of  ascent  from  the 
sea  to  the  redds,  it  would  be  most  probable  that  what  this  species  docs  in  ono 
locality  it  also  docs  in  anotlicr.* 

Although  observations  have  already  been  made  that  salmon  do  not  spawn  in 
the  sea,  or  should  they  do  so,  their  eggs  will  not  hatch  or  the  young  succumb  (see 
pages  3G,  37),  some  of  the  opinions  or  statements  recorded  have  been  collected 
and  will  bo  found  below.  Mackenzie,  Salmon  Fisheries  of  Scotland,  page  13, 
observed  that  "  one  of  the  luminaries  of  the  Scottish  b:xr,  distinguished  by  his 
grave  eloquence,  declared  that  if  all  the  rivers  in  the  kingdom  were  blocked  up, 
salmon  would  become  more  plentiful  than  ever,  as  they  would  then  be  forced  to 
spawn  iu  the  sea."t 

*  Mr.  Atkins  observed  before  the  American  Fisheries  Society,  respecting  experiments  made 
since  1872,  at  Bucksport,  on  the  Penobscot  Eiver,  that  in  November,  1873,  391  salmon  were 
marked  in  a  secure  manner,  each  fish  being  tirst  measured  and  weif^'hcd  and  sui)plicd  with  a 
numbered  tag.  Several  of  these  fish  came  to  hand  in  the  spring,  and  were  found  to  have  lost 
weight  very  much,  and  were  otherwise  in  poor  condition,  showing  tliat  they  had  not  been  to  their 
feeding-grounds.  Those  captured  in  the  second  year,  however,  were  enormously  increased  in 
weight  and  were  in  prime  condition.  A  female,  placed  in  a  breeding-pond,  yielded  some  11,000 
eggs.  In  1875,  357  salmon  were  marked  and  released,  and  of  these  a  number  were  taken  in  the 
spring  of  1876,  without  exception  all  in  poor  condition.  In  the  spring  of  1877  three  of  the  1875 
fish  came  to  hand,  and,  like  the  second  year's  fish  of  the  1873  lot,  were  very  fine.  When  placed 
in  the  water  in  1875  the  three  weighed  together  44 Ub.,  and  when  recaptured  in  1877,  901b.  exactly. 
Thus  the  second  experiment  coincided  exactly  with  the  first.  In  1880,  252  salmon  were  marked 
and  released.  Those  recaught  the  next  year  shov.-ed  poor  condition,  three-fourths  having  actually 
fallen  away.  In  1882  five  were  recaptured.  These  when  released  weighed  together  45|lb. ;  when 
recaptured  90ilb.  These  three  experiments  conclusively  proved  that  the  salmon  of  the  Penobscot, 
at  least,  spawn  every  other  year  only. 

t  If  we  refer  to  the  Report  of  the  Committee  of  the  Home  of  Commons  on  Salmon  Fisheries,  in 
1824,  we  find  them  asking  a  witness,  Mr.  Johnstone — "Is  the  Committee  to  understand  that  there 
are  salmon  which  frequent  the  friths,  and  go  out  to  sea  again  without  going  up  the  rivers?"  To 
this  he  replied,  "  Yes."  He  also  remarked  that  although  they  generally  spawn  above  the  influence 
of  the  tides,  they  may  spawn  where  the  tide  reaches.  And  they  subsequently  interrogated 
Mr.  Halliday  thus — "  Are  there  a  great  many  salmon  which  come  into  the  friths  that  do  not  go  to 
the  rivers  but  return  again  to  the  sea  ?"— "  There  are  a  great  many."  While  Mr.  Steavenson,  of 
Fortrose,  deposed  "  that  there  cannot  be  a  doubt  that  salmon  spawn  in  the  sea." 

Daring  the  winter  of  1824  Mr.  Hogarth  found  that  salmon  ova  taken  from  the  river  Don  and 
put  into  salt  water  never  came  to  life,  from  which  he  inferred  that  if  salmon  spawn  were  deposited 
in  the  sea  it  would  not  be  evolved.  {Parliamentanj  Committee  0)i  Salmon  Fislieries,  1824,  page  G2.) 
Sir  Humphrey  Davy  observed  of  the  salmon :  "  Sonietimes,  indeed,  in  very  small  streams  it  deposits 


that  the  spot  is  covered  with  "brackish  water"  only  for  about  two  hours  at  each  high  tide,  but 
not  at  all  during  the  neaps,  while  this  brackish  water  is  so  diluted  as  to  difi'er  but  little  from  fresh 
water  in  specific  gravity,  the  tide  serving  as  a  dam  to  the  river  water,  and  by  obstructing  its  free 
outflow,  caused  its  accumulation  and  overflow.  The  foregoing  instances  occurred  near  the 
mouths  of  small  rivers,  and  should  their  state  be  such — due  to  pollutions  or  insufficiency  of 
water— that  Salmonidce  are  unable  to  ascend,  they  may  drop  or  deposit  their  ova  in  the  sea  or  at 
the  mouths  of  rivers ;  but  suppose  it  is  thus  deposited,  experiments  have,  as  I  shall  show,  proved 
that  the  presence  of  salt  water  is  fatal  to  the  fertilizing  property  of  tiu  milt,  as  also  the  impreg- 
nated egg,  should  it  come  in  contact  with  it.  Doubtless,  salmon  and  sea  trout  will  drop  their 
spawn  in  salt  water  at  times,  but  should  an  investigation  be  instituted  such  is  usually  found  to  be 
consequent  upon  a  want  of  sufficiency  of  water  in  the  rivers  to  enable  them  to  ascend  to  their 
spawning  beds,  while  they  cannot  retain  their  ova  for  an  indefinite  period.  Mr.  Jackson  {Land 
and  Water,  June  10th,  1876)  recorded  that  "the  salmon-trout  cast  their  ova  in  the  salt  water  at 
Southport  Aquarium,  without  assuming  the  appearance  of  kelts,  or  even  leaving  off  feeding 
greedily  on  shrimps.  They  did  not  attempt  to  make  a  bed,  and  the  spawn  was  immediately  eaten 
by  their  fellows."  It  would  seem  in  this  case  that  the  fish,  aware  of  the  uselessness  of  forming 
a  redd,  did  not  take  the  trouble  to  do  so.  About  1862  Mr.  Sinclair  made  some  experiments^  in 
Ireland  on  the  effects  of  salt  water  on  salmon  ova,  remarking,  in  27;^  Field,  1882,  upon  having 
taken  about  one  hundred  eyed  salmon  ova,  of  which  two  portions  were  enclosed  in  wicker  baskets, 
and  buried  in  separate  streams,  one  of  which  was  reached  every  tide  by  salt  water,  whereas  the 
other  was  entirely  fresh.  They  were  examined  in  about  three  weeks  after  one  set  of  spring  tides, 
when  all  which  had  been  reached  by  salt  water  were  found  to  be  dead  ;  not  so  those  in  which  the 
stream  was  entirely  fresh  water.  The  remaining  third  were  hatched  in  a  wash-hand  basin,  in 
which  was  fresh  water  changed  once  a  day.  He  subsequently  observed  (Field,  March  7th,  1885) 
that  since  then  he  had  two  or  three  times  seen  salmon  redds  in  the  same  tidal  water,  and  had  been 
assured  by  his  head  water  bailiff  that  he  had  seen  one  a  quarter  of  a  mile  lower  down,  where  the 
gravel  was  covered  over  by  neap  tides  ;  also  he  had  been  told  that  in  another  river,  on  a  particular 
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During  the  winters  of  188-1-85,  and  also  of  1885-86,  experiments  were  instituted 
on  this  question  at  Oheltenhana  (see  p.  37),  all  of  which  fully  corrohorated  the 
view  that  salt  water  is  fatal  to  the  eggs  of  salmon. 

It  has  been  asserted,  and  is  still  maintained  by  some,  that  redds  are  formed 
by  salmon  burrowing  into  the  sand  or  gravel  with  their  heads,  or  the  male  with 
his  hooked  jaw. 

When  one  considers  the  structure  of  this  fish,  it  must  be  evident  that  it  would 
be  impossible  the  male  could  dig  a  hole  in  the  bed  of  the  river  with  the  hook 
on  the  lower  jaw,  because  it  possesses  no  neck,  nor  the  power  of  moving  its  head 
up  and  down,  as  observed  by  Mackenzie  {View  of  the  Salmon  Fisheries  of 
Scotland,  1860,  p.  175),  without  a  corresponding  movement  of  its  entire  body. 
While  even  if  the  fish  retreated  a  few  yards  to  give  it  an  impulse,  it  would  still  be 
necessary  for  it  to  raise  its  tail  out  of  the  water  at  an  angle  of  45o  to  enable  it, 
like  a  pickaxe,  to  knock  its  snout  against  the  gravel,  or,  for  anything  the  poor 
creature  knows,  against  a  stone.  Irrespective  of  the  injury  such  a  proceeding 
would  occasion  to  the  fish,  the  gravel  disturbed  by  the  snout  would  enter  the 
fish's  mouth  to  the  detriment  of  its  respiration:  and  the  knob  cannot  be  a 
necessity  for  this  work,  for  in  how  few  trout  or  char  do  we  see  it,  yet  they  all 
form  a  redd  or  nest. 

Of  course  the  nearer  the  sea  suitable  spawning  grounds  are,  tlie  more  valuable 
do  they  become  to  the  fishery  at  the  mouth  of  the  river.  Salmon  eggs  are 
deposited  in  rivers,  rarely  near  their  mouths,  where  the  tide  or  the  current  would 
be  too  strong  for  the  young  fish  to  live  in,  but  often  in  small  and  even  mountainous 
streams,  where  the  water  is  pure  and  shallow,  having  a  gravelly  bed  which  permits 
the  redd  or  nest  to  be  constructed,*  while  deep  pools  in  the  vicinity  allow  the 
breeding  fishes  to  retire  into  them  for  rest.  The  salmon  ascends  our  rivers  to  a 
suitable  spot,  and  in  the  gravel  at  the  bottom  of  the  stream  constructs  its  redd, 
which  work  would  seem  to  be  the  occupation  of  the  female.     She  lies  on  one  side, 

ford,  which  is  affected  by  spring  tides,  but  only  in  a  slight  degree,  half-a-dozen  redds  are  generally 
to  be  found  every  winter.  Mr.  J.  Jackson  [Field,  December  20th,  1884),  writing  of  the  Yorkshire 
Esk,  recorded,  respecting  sahnon  ova,  that  "it  is  an  interesting  question,  however,  as  to  what 
amount  of  brackish  water  will  destroy  it ;  and,  as  we  have  a  lot  of  spawning  fish  depositing  then- 
ova  in  the  stream,  just  below  Ruswark  Mill-dam,  over  which  they  cannot  get  when  heavy  in 
spawu,  and  up  to  which  spring  tides  rise  about  two  or  three  feet,  covering  the  spawn  beds  for 
about  two  hours  each  tide  for  some  three  or  four  days  at  each  period  of  high  tides.  Some  ova 
from  fish  spawning  there  was  procured  and  placed  in  a  box  in  the  gravel  at  that  spot.  This  was 
done  in  order  to  ascertain  whether  they  would  come  to  life.  Though  nothing  came  of  the  experiment 
for  the  first  two  years,  it  was  asserted  that  this  year  (1884)  a  good  portion  of  them  were  hatched. 
Another  account,  however,  stated  that  some  of  the  ova  were  removed  from  this  box,  and  hatched 
in  a  basin  of  fresh  water  in  the  village  brook,  whereas  all  that  were  left  in  the  box  died. 

Sir  J.  3Iatheson,  during  the  winter  of  18G1-62,  had  two  portions  of  impregnated  salmon  eggs 
used,  one  for  trial  in  brackish  water  of  specific  gravity  1015°,  the  other  in  fresh.  They  were  held 
on  a  wire  cloth  in  a  glass  vase  with  a  tap  at  its  bottom,  and  the  water  was  changed  daily.  Durnig 
the  first  ten  days  the  ova  in  the  brackish  water  did  not  appear  to  suffer,  but  no  longer ;  no  further 
development  was  observed  in  them,  and  they  all  died,  while  those  in  the  fresh  water  made 
progress,  and  in  due  time  were  hatched.  Dr.  Davy  {Physiological  Eesearches)  tried  the  effects  of 
a  solution  of  common  salt  in  water,  having  a  specific  gravity  of  1020°,  on  a  salmon  egg,  the 
embryo  in  which  appears  to  have  succumbed  in  a  few  hours  over  two  days.  The  ovum  of  a  Dee 
salmon  in  similar  water,  or  a  specific  gravity  of  1007°,  was  hatched  at  the  end  of  about  forty- 
eight  hours;  the  young  was  very  languid,  but  at  the  end  of  the  fourth  day  was  still  alive. 
Brown,  in  his  account  of  the  Stormontfeld  E.rxieriments,  1862,  observed: — "We  have  also  taken 
ova  which  had  been  recently  manipulated  upon,  and  dropped  it  into  sea  water,  which  destroyed 
it  almost  instantaneously,  only  a  few  of  them  becoming  opaque ;  in  the  greater  portion  of  them 
the  yolk  became  shrivelled  up  and  contracted."  Mr.  Brander,  in  The  Field,  remarked  upon 
having  observed  some  holes  scooped  out  in  the  gravel  close  to  the  mouth  of  the  small  river 
Lossie  (near  the  Spey),  and  within  the  reach  of  the  salt  water,  and  here  he  found  in  January, 
1882,  a  few  salmon  working  at  their  redds,  which  were  within  a  mile  and  a  half  of  the  sea,  and 
covered  once  a  fortnight  at  spring  tides  with  quite  salt  and  undrinkable  water,  for  perhaps  an 

hour's  time.  ,  .  i     i  1 1  • 

*  Very  complete  accounts  have  been  given  as  to  the  manner  m  which  the  salmon  redd  is 
constructed.  Captain  Francks  {Northern  ilemoirs,  about  a.d.  1G56,  p.  167)  recorded  how  he 
watched  a  female  until  she  arrived  at  a  bed  of  sand  where  she  was  scarcely  covered  with  water, 
certainly  not  exceeding  a  foot  in  depth,  here,  with  her  tail,  she  wriggled  to  and  fro  so  long  and 
oft  until  he  saw  a  flat  blueish  stone,  over  which  she  oft  times  contracted  her  body  and  ejected 
her  eggs.     The  male  having  arrived  at  the  same  spot  dilates  his  fins,  and  fiutters  about,  and 
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and,  by  movin£c  lier  tail  rapidly  from  ono  side  to  tlio  other,  fans  np  the  gravel* 
until  she  gradually  sinks  into  a  kind  of  trough,  the  male  remaining  near,  ready 
to  give  battle  to  any  intruder.  Perhaps  for  this  purpose  his  lower  jaw  is  furnished 
at  this  period  with  an  offensive  weapon  in  the  shape  of  a  cartilaginous,  hook-like 
process.  The  female  (waited  upon  by  the  male)  now  deposits  her  eggs  in  tlic 
trough  she  has  made,  and  these  are  fertilized  by  the  male,  and  subsequently 
covered  with  gravel  to  some  feet  in  depth,  the  whole  forming  a  redd. 

It  has  been  remarked  that  should  there  be  plenty  of  water  to  let  the  fish  into 
rivers  in  time,  salmon  are  many  days  constructing  their  nests,  doing  a  little  every 
night,  but  if  prevented  ascending  until  quite  ripe  they  are  much  more  rapid  in 
their  operations,  and  if  much  disturbed  they  have  been  known  to  forsake  the 
spot,  -while  a  little  frost  or  fall  of  temperature  will  hasten  the  deposition  of  eggs. 

When  the  salmon  has  formed  her  nest  and  deposited  her  first  instalment  of 
eggs  she  falls  back  into  one  of  the  deep  pools,  until  she  has  acquired  sufficient 
strength  to  again  shed  more  eggs.  The  places  selected  by  salmon  for  their  redds  are 
sometimes  the  localities  where  trout  have  previously  deposited  their  eggs,  which  now 
become  routed  up  and  carried  away  down  stream  to  be  devoured  by  every  hungry 
fish.  The  absence  of  frosts  is  favourable  to  the  eggs  in  the  redds  (see  p.  39), 
while  although  floods  may  sweep  away  redds,  moderate  ones  protect  them  from 
poachers.  Mild  seasons  and  late  spates  seem  best  adapted  for  preventing  mortality 
among  the  breeders. f 

probably  with  his  nose  rooted  as  a  swine,  or  something  like  it,  and  fecundated  the  eggs.  The 
milter  having  retired  to  the  depth  of  the  water  gives  place  to  the  spawner,  who  works  a  trough 
like  a  cistern  in  sand  or  gravel  as  near  as  he  could  guess  about  her  own  proportions,  into  which 
she  jumbles  and  tumbles  her  eggs  and  gently  covers  them  over  with  sand.  Shaw  (Development 
and  Growth  of  Salnwn  Fry,  in  the  Transactions  of  the  Royal  Society  of  Edinburgh,  xiv,  1840, 
page  551),  stated  that  "  on  January  10th,  1836,  he  observed  a  female  salmon  of  about  IG  lb.  and 
two  males  of  at  least  25  lb.  engaged  in  depositing  their  spawn.  The  two  males  kept  up  an 
incessant  conflict  during  the  whole  day  for  possession  of  the  female,  and,  in  the  course  of  their 
struggles,  frequently  drove  each  other  almost  ashore,  and  were  repeatedly  on  the  surface, 
displaying  their  dorsal  fins  and  lashing  the  water  with  their  tails.  The  female  throws  herself  at 
intervals  of  a  few  minutes  upon  her  side,  and,  while  in  this  position,  by  the  rapid  action  of  her 
tail  digs  a  receptacle  for  her  ova,  a  portion  of  which  she  deposits,  and,  again  turning  on  her 
side,  she  covers  it  up  by  renewed  action  of  her  tail,  thus  alternately  digging,  depositmg  and 
covering  the  ova,  until  the  process  is  completed  by  the  laying  of  the  whole  mass,  an  operation 
which  generally  occupies  three  or  four  days."  In  the  Eejwrt  of  Salmon  Commission,  1824,  we  read, 
Mr.  Halliday  stated  "  they  generally  spawn  in  the  running  water,  at  the  foot  of  fords  and  the 


the  ground  two  of  them  together.  When  they  begin  to  make  the  furrow,  they  work  up  the  gravel 
rather  against  the  stream,  as  a  salmon  cannot  work  with  his  head  down  the  stream,  for  the  water 
going  inl;o  his  giUs  the  wrong  way  drowns  him :  and  when  they  have  made  a  furrow,  they  go 
a  httle  distance  the  one  to  one  side  and  the  other  to  the  other  side  of  the  furrow,  and  throw 
themselves  on  their  sides  when  they  come  together,  and,  rubbing  against  each  other,  they  shed 
their  spawn  both  into  the  furrow  at  once."  "It  requires  from  about  eight  to  twelve  days  for 
them  to  lay  their  spawn."  ill?-.  Atkins  in  the  United  States  observed  a  land-locked  salmon 
excavating  her  nest  by  turning  on  her  side  and  flopping  violently  against  the  bottom  with  her 
tail ;  while  the  male  was  engaged  in  driving  away  rivals  and  predaceous  foes.  Mackenzie  {I.  c. 
page  13)  observed  that  in  forming  redds  the  exertions  of  the  spawners  are  greatly  assisted  by  the 
action  of  the  water  in  the  streams:  "they  commence  their  operations  at  the  lower  extremity, 
shedding  the  ova  and  milt  as  they  proceed,  so  that,  in  working  upwards,  the  gravel  thus  stirred 
is  carried  down  by  the  strength  of  the  current  and  covers  the  spawn  as  it  is  deposited.  In  still 
waters  this  would  not  be  the  case,  nor,  unaided  by  the  current  or  action  of  the  water,  could  the 
fish  make  the  necessary  furrows.  Their  instincts,  therefore,  which  in  all  animals  are  perfect, 
points  out  to  them  the  proper  place  for  their  operations."  But  the  foregoing  and  evidently 
correct  accounts  have  not  passed  unchallenged,  aud  many  persons  still  believe  that  the  use  of 
the  knob  on  the  jaw  of  the  male  fish  (see  page  80)  is  to  rout  up  the  gravel  and  form  or  complete 
the  redd.  We  find  Mr.  Andrew  Young,  of  Invershin,  1849,  referring  as  follows  to  this  sul)jcct. 
"A  salmon-bed  is  constructed  thus:  the  fish  having  paired,  chosen  their  ground  for  bed-making, 
and  being  ready  to  lay  in,  they  drop  down  the  stream  a  little,  aud  then  returning  with  velocity 
towards  the  spot  selected,  they  dart  their  heads  into  the  gravel,  burrowing  with  their  snouts  into 
it.     This  burrowing  action,  assisted  by  the  power  of  the  fins,  is  performed  with  great  force." 

*  Possibly  one  reason  for  the  Sahiionidte  covering  their  eggs  is  to  prevent  their  being  moved  for 
some  days  after  they  have  been  deposited,  as  such  is  a  very  potent  cause  of  mortaUty  among  ova. 

t  "  Piscator  "  in  the  Fishing  Gazette  of  March  Gth,  188G,  observed :  "  There  were  about  six  or 
seven  male  fish  (salmon)  surrounding  a  female.    There  was  one  fellow  who  appeared  to  be  king. 
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The  period  salmon  eggs  take  incubating' is  subject  to  considerable  variation  (see 
p  35  ante),  thus  it  has  been  found  that  at  45°  Fahr.  they  take  90  days,  at  43° 
101  days  (Shaw),  at  41"  97  days  (J.  Maitland)  and  at  36°  114  days  (Shaw), 
•while  their  normal  period  of  hatching  has  been  deferred  to  the  148th  day  by 
placing  them  in  ice  vaults  (see  p.  43  ante)  ;  but  freezing  them  is  probably 
fatal  (see  p.  37).  Mr.  Bartlett,  Proceedings  of  the  Zoological  Society,  1859,  p.  125, 
observed  how  some  of  these  eggs  under  his  supervision  at  the  Crystal  Palace  were 
taken  on  February  5th  and  deposited  in  boxes  with  gravel  and  w-ater  which 
averaged  57^"  Fahr.,  and  the  young  hatched  on  March  7th,  or  in  thirty  days. 

But  salmon  eggs,  even  in  redds,*  are  not  permitted  to  rest  in  peace  and  hatch 
in  security  :  they  have  many  accidents  to  escape  from  and  numerous  enemies  whose 
vio-ilance  must  be  evaded,  and  which  have  been  already  enumerated  (p.  28). 

°  When  these  little  fish  emerge  from  the  eggs  as  alevins  (see  p.  43),  they  have  a 
large  bag  (the  umbilical  sac)  attached  to  their  under  surface  a  little  behind  the 
o-ill-opening  ;  this  contains  the  nourishment  which  is  to  serve  them  from  three 
weeks  to  two  months  for  their  subsistence,  and  they  do  not  commonly  take  in 
much  food  by  the  mouth  until  it  is  absorbed.  Weighed  down  by  it  they  lie  quietly 
amono-  the  stones  at  the  bottom  of  the  stream  and  seek  concealment  from  fish 
larger'than  themselves,  water  insects,  and  other  enemies  which  now  commence  to 
feed  on  them.  Living  in  shallows  many  forms  of  large  fish  are  unable  to  follow 
them,  but  floods  may  carry  them  down  to  their  enemies.  At  about  the  end  of 
two  months  the  alevins  are  about  Ij  inches  long,  at  four  months  2|-  inches,  and  at 
six  months  3?  inches  ;  but  there  are  great  individual  variations  in  size  among 
them.  The  yelk  or  umbilical  sac  in  young  salmon  is  generally  of  a  much  more 
orano-e  colour  than  is  seen  in  the  alevins  of  fi-esh-water  trout.  Monstrosities  are 
not  rare,  and  being  similar  to  those  occurring  among  trout  they  will  be  alluded 
to  together. 

The  alevin  stage,  or  that  which  begins  when  the  fry  is  first  hatched,  passes  after  a 
few  months  into  that  of  a  par  or  pink,  when  the  fish  becomes  adorned  with  brilliant 
colours,  as  has  been  already  described.  These  young  fish  reside  two  years  in  our  rivers 
mio-ratiug  seawards  in  their  second  or  third  spring,  and  occasionally  in  the  autumn 
as  smolts.  Many  discussions  have  arisen  as  to  whether  the  par  is  or  is  not  the 
young  of  the  salmon,  or  even  a  hybrid  between  it  and  the  trout,  and  though  there 
exists  a  strong  family  resemblance  between  the  young  of  the  salmon  and  trout, 
still  it  has  been  abundantly  proved  that  the  Salmo  salar  passes  through  a  par 
stage.  In  fact  it  was  long  ago  pointed  out  that  in  rivers  destitute  of  salmon 
there  were  no  pars,  while  wherever  they  existed  there  pars  were  present.  This 
point  has  now  been  most  conclusively  decided  by  hatching  out  eggs  and  milt  taken 
directly  from  salmon  and  artificially  rearing  the  progeny,  the  result  being  pars. 
It  has  also  been  shown  that  similar  pars  can  be  raised  from  the  eggs  of  smolts 
fertilized  from  pars,  or  salmon  similarly  fecundated,  from  grilse  and  salmon,  from 
pure  grilse,  and  from  pure  salmon. 

Whenever  one  attempted  to  come  too  near  the  female  he  made  a  rush  at  him,  seized  him  and 
shook  him  as  a  retriever  would  shake  a  hare.  This  game  was  carried  on  for  a  considerable  time, 
until  every  one  was  more  or  less  torn  to  such  an  extent  that  in  a  few  days  several  of  them  were 
found  lying  dead  on  the  bank,  and  I  had  no  trouble  in  identifying  them  as  those  engaged  in  the 
combats." 

*  Mr.  Brander  examined  a  redd  that  appeared  to  have  been  left  dry,  but  on  opening  it  found 
that  a  little  water  was  trickling  through  the  stones  and  gravel,  which  was  sufficient  to  keep  the 
ova  healthy.  Having  scraped  a  hole,  he  obtained  a  considerable  number  of  eggs,  and  these  he 
transferred  to  a  pail  of  water,  where  two-thirds  hatched  within  periods  varying  from  five  minutes 
to  twenty- four  hours.  About  a  week  subsequently' he  returned  to  the  same  spot,  and  had  another 
di"  for  salmon  eggs  (no  rise  having  occurred  in  the  river  during  the  interval).  He  collected  more, 
ami  putting  them  into  the  water,  they  hatched  as  the  former  ones  had  done.  He  advanced  that 
this  may  be  a  provision  to  prevent  ova  deposited  in  localities  where  the  depth  of  the  stream  is 
liable  to  considerable  Muctuatious,  from  becoming  lost  or  killed,  as  must  occur  unless  a  delay,  to 
obtain  suitable  time,  could  be  provided  for.  But  there  are  no  means  of  knowing  whether  these 
ova  were  all  deposited  at  the  same  time.  While  at  p.  38  a7ite,  will  be  found  the  account  of 
experiments  made  at  Cheltenham  with  eggs  in  artificial  redds,  and  although  they  were  kept 
several  hours  daily  uncovered  by  water  they  hatched  on  the  same  day  as  others  which  were 
kept  all  the  time  with  a  stream  flowing  over  them. 
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The  YOun£?  of  the  salmon  in  Acts  of  Pai-liaiuent  wore  formerly  designated  as 
fry  and  smoirs,  while  of  late  years  the  term  par  has  been  commonly  used,  :ind 
which  has  been  said  to  be  calculated  to  mislead,  because  there  are  salmon-])ar  and 
trout-par.  This  brings  us  therefore  to  tlie  consideration  of  ^Yhat  is  a  par  V  And 
I  think  a  short  history  of  the  controversy  this  question  has  raised  will  be  interest- 
ing, for  in  such,  zoologists,  fishermen,  learned  divines,  doctors,  lawyers,  poachers, 
in°fact  almost  every  class  has  joined.*    Arguments  for  and  against  their  being 

•  We  find  Willoughby,  Historia  Piscium,  1686,  p.  192,  giving  a  description  oi  iho  Salmubts 
or  "samlet"  of  Herefordshire,  which,  he  tells  us,  inhabits  the  Wye,  and  all  wluch  he  lias 
examined  were  males  ;  he  however  places  it  as  a  distinct  species.  In  the  next  page  he  gives  it  as 
branlins  or  thiqerins,  and  asserts  that  he  is  persuaded  that  they  interbreed  with  the  sahnon,  and 
are  only  found  in  such  places  as  are  frequented  by  the  salmon.  Willoughby  was  persuaded  that 
all  the  various  species  of  the  genus  Salmo  interbred.  ,  ,     ,  tt      ,     -i  i  •  i  .u 

Eay,  Sintopsis  Methodica  I'iscium,  1713,  p.  63,  classed  the  samlet  of  Herefordshire  and  the 
branliu  and  iingerin  of  Yorkshire  all  as  one  species,  and  of  which  he  afrirmed  all  were  males. 
Isaak  Walton,  Complete  Angler,  1653,  remarked  that  "  in  divers  rivers  especially  that  relate  to 
or  be  near  to  the  sea,  as  Wincheiiter  or  the  Thames  about  Windsor,  is  a  httlo  trout  called  a  '  samlet 
or  '  skegger  trout,'  and  that  these  be  by  some  taken  to  be  young  salmons."  Captain  Irancks, 
Northern  Memoirs,  1658,  page  301,  described  "the  various  brood  of  salmon,  so  to  distinguish  them 
accordin-  to  mode,  or  as  some  will  have  it  the  custom  of  the  country.  In  the  south  they  call  him 
'  samlet  '  but  if  you  step  to  the  west  he  is  better  known  there  by  the  name  of  '  skeggar ;  when  in 
the  east  they  avow  him  '  penk ;'  but  to  the  northward  '  brood  '  and  'lockspcr,'  so  from  thence  to  a 
'  tecon  '  then  to  a  '  salmon.'  "  J.  Williamson,  The  British  Angler,  1711,  page  138,  considered  the 
'samlet,'  or  'salmon-smelt,'  or,  as  they  are  called  by  some,  'salmon-fry,'  are  only  so  many 
different  names  for  the  '  young  salmon.'  "  Burt,  in  Letters  from  the  North  oj  Scotland  page  120, 
writiu"  of  the  Ness  about  1730,  remarked  on  a  small  fish  the  people  call  a  little  trout,  but  of  another 
species  "  called  in  the  North  of  England  a  Branlin.  These  are  so  like  the  salmon-fry  that  they 
are  hardly  to  be  distinguished,  only  the  scales  come  off  the  fry  (Smolts)  in  handlmg,  the  others 
(Pars)  have  none.  It  is  by  law  no  less  than  transportation  to  take  the  salmon-fry :  but  in  the 
season  the  river  is  so  full  of  them  that  nobody  mintls  it,  and  those  young  fish  are  so  simple  the 
children  catch  them  with  a  crooked  pin.  Yet  the  townsmen  are  of  opinion  that  all  such  ot  them 
as  are  bred  in  the  river,  and  are  not  devoured  at  sea  by  large  fish,  return  thither  at  the  proper 
season ;  and  as  a  proof  they  affirm  they  have  taken  many  of  them,  and  by  way  of  experiment, 
clipped  their  tails  into  a  forked  figure,  like  that  of  a  swallow,  and  found  them  with  that  mark  when 
full-grown  and  taken  out  of  the  cruives.''  ,  ,  .     ^,      ,       .     ^  ,i      +       +  i  •    i 

Pennant,  British  Zoology,  iv,  1776,  page  803,  said  the  samlet  is  the  least  of  the  trout  kind, 
it  is  by  several  imagined  to  be  the  fry  of  the  salmon,  but  from  which  he  dissented,  first  because 
salmon  fry  vanish  on  the  first  vernal  flood  after  they  have  been  born,  and  which  sweeps  them  into 
the  sea,  leaving  scarce  one  behind  ;  and  secondly,  because  the  growth  of  the  salmon  fry  is  so  quick 
and  so  considerable  as  suddenly  to  exceed  the  size  of  the  largest  samlet.  That  the  salmon  attains 
to  a  considerable  size  before  it  breeds,  while  samlets  on  the  contrary  are  found  male  and  female 
although  it  has  been  vulgarly  imagined  that  there  were  no  other  than  males  of  this  species.  Ihat 
they  are  present  all  the  year  round  in  the  rivers,  and  spawn  in  November  and  December.  He 
concluded  "  these  fish  are  very  frequent  in  the  rivers  of  Scotland,  where  they  are  cal  ed  pars ; 
they  are  also  common  in  the  Wye,  where  they  are  known  by  the  name  of  '  skirhngs  and 
'lasprings.'"  He  gives  a  short  extract  from  Mr.  Potts  respecting  the  salmon  of  the  Tweed,— 
"  about  the  latter  end  of  March  the  spawn  begins  to  exclude  the  young,  which  gradually  increase 
to  the  length  of  four  or  five  inches,  and  are  then  termed  '  smelts'_  or  '  smouts.  About  the 
beginning  of  May  the  river  is  full  of  them,  it  seems  to  be  allahve;  there  is  no  having  an  idea  of  the 
numbers  without  seeing  them  ;  but  a  seasonable  flood  then  hurries  them  all  to  the  sea,  scarce  any 
or  very  few  being  left  in  the  river."  ,.  ,.     , 

Turton  British  Fauna,  1807,  page  104,  admitted  Salmo  sahnulus  as  a  distinct  species. 

Should  we  now  turn  to  the  Reports  on  the  Salmon  Fisheries  of  the  Lmted  Kingdom, 
drawn  up  by  a  select  committee  of  the  House  of  Commons,  in  1821  and  1825,  we  hnd  a  consider- 
able amount  of  evidence  as  to  what  par  were  considered  in  those  days.  One  witness  (U.  Little, 
page  113),  on  being  asked  if  he  had  ever  known  them  found  in  any  river  where  there  were  no 
salmon  9  replied,  "I  do  not  know  that  I  have,  I  never  took  particular  notice  as  to  them,  but  I 
consider  them  a  fresh-water  fish,  unconnected  with  our  salmon  fisheries  altogether.  But  on 
being  asked  at  what  season  of  the  year  does  the  salmon  fry  begin  to  go  down  to  the  sea  ?  he  at 
once  answered  that  "  when  the  natural  warmth  comes  into  the  water  m  the  month  of  March,  the 
fry  generally  rise,  and  they  continue  going  down  from  that  time  until  the  1st  of  May ;  sometimes 
I  have  seen  them  going  down  till  the  month  of  June"  (p.  115).        _        ,     ,  ,  .  ,, 

Mr  Hogarth,  in  May,  1824,  when  samlets  were  descending  the  Don,  had  a  number  of  them 
captured  and  marked,  by  cutting  off  the  mort  or  dead  fin.  During  the  month  of  July  several 
grilses  were  taken  without  that  fin,  whence  he  inferred  that  they  were  some  of  the  fishes  which  he 
had  previously  marked.  Not  only  did  samlets  thus  become  grilses  in  a  few  weeks,  but  in  the 
foUowing  year,  1825,  he  got  three  salmon,  marked  in  the  same  way,  which  he  also  considered  to 
be  some  of  those  individuals  he  had  marked  originally  as  samlets  In  September  1824  he  oaught 
ten  or  twelve  grilses  which  were  put  into  a  salt-water  pond.      Owmg  to  high  tides  some 
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the  young  of  the  salmon  have  been  employed,  invectives  against  opponents  have 
been  freely  indulged  in,  and  all  because  no  one  would  hatch  the  little  fish  fi'om  the 
ovum,  and  ascertain  the  various  changes  it  went  through  in  the  course  of  the  first 
few  years  of  its  life. 

escaped,  but  there  were  three  alive  the  following  May  ;  these  were  taken  out  and  examined  in  the 
presence  of  many  competent  judges,  who  were  decidedly  of  the  opinion  that  they  were  real  salmon. 
These  experiments  showed  not  only  the  growth  of  the  smolt  or  samlet  into  grilse  or  botcher,  but 
also  that  of  the  grilse  into  gilling  or  salmon  of  one  year's  growth. 

One  must,  however,  decline  assenting  to  some  of  Mr.  Ellis's  conclusions  ("  Natural  History  of 
the  Salmon,"  in  the  Edinburgh  New  Philosophical  Journal,  1828,  p.  250  et  seq.),  viz.,  that 
salmon  "  frequently  propagate  their  kind  during  the  first  year  of  their  age,"  or  that  "in  the  first 
five  months  of  its  existence,  that  is,  from  April  to  August,  both  inclusive,  it  reaches,  in  favourable 
circumstances,  to  about  8  lb.  in  weight,  or  grows  at  the  average  rate  of  about  1  lb.  9^  oz.  a 
month;  that  from  September  following  to  March,  seven  months,  it  acquires  7  lb.  additional 
weight,  which  is  at  the  average  rate  of  about  1  lb.  IJ  oz.  per  month  ;  and  lastly,  that  through  the 
next  twelve  months  it  gains  10  lb,  more,  or  weighs  35  lb.,  which  is  somewhat  more  than  13|  oz. 
per  month." 

Fleming,  History  of  British  A7iimals,  1828,  ii.  179,  speaking  of  the  young  of  the  salmon, 
remarked,  "  The  fry  leave  the  spawning  groove  about  March,  retire  to  pools,  and  proceed  according 
to  circumstances  in  myriads  along  the  easy  water  at  the  margin  of  the  river,  with  their  heads 
against  the  stream,  until  they  reach  the  tide  in  the  estuary,  where,  like  the  kelts,  which  frequently 
go  down  at  the  same  time,  they  retire  to  the  deepest  part  of  the  channel  and  disappear  in  the  sea. 
These  samlets,  smoults,  or  smouts,  are  regarded  by  many  as  reappearing  in  the  estuaries  a  few 
months  afterwards  in  the  character  of  '  grilses,'  of  from  3  lb.  to  4  lbs.  weight,  according  to  the 
lateness  of  the  season." 

Sir  Walter  Scott,  Fafr  Maid  of  Perth,  1828,  observed,  "Eachim  resembles  Conachar,"  said  the 
glover,  "  no  more  than  a  salmon  resembles  a  par,  though  men  say  they  are  the  same  fish  in  a 
different  state." 

Sir  Humphrey  Davy,  Sahnonia,  1832,  p.  68,  considered  par  to  be  hybrid  offspring  of  a 
salmon  and  a  trout ;  also  that  "pars  are  exeeedingly  numerous  in  those  rivers  where  they  are 
found,  which  are  never  separated  from  the  sea  by  imi^assable  falls  ;  from  which  I  think  it  is 
possible  that  they  are  produced  by  a  cross  between  sea  and  river  trout  "  (p  70). 

Stoddart,  Scottish  Angler,  1831,  strenuously  advocated  the  theory  that  par  are  the  young  of 
the  salmon. 

Mr.  Buist,  Quarterly  Journal  of  Agriculture,  1832,  observed  that  Mr.  Hoggs'  novel  theory  of 
pars  being  the  young  of  salmon,  astonished  him,  as  the  par  differed  from  the  smolt  in  many  essential 
particulars:  "the  par  is  a  compact  fish,  with  firm  scales,  small  head  and  eye,  and  from  every 
appearance  a  fish  come  to  maturity.  The  smolt  is  evidently  a  young  tender  fish,  its  scales  come 
off  with  the  slightest  touch  ;  its  head  and  eyes  are  large,  like  other  young  creatures  that  are 
destined  to  be  of  a  much  greater  size.  .  .  .  But  the  greatest  and  most  decided  difference  is 
this,  that  pars  are  found  in  our  rivers  at  all  seasons  of  the  year,  and  '  smolts,'  or  what  we  reckon 
salmon  fry,  only  from  March  to  about  the  middle  of  June.  The  difference  between  the  fish,  even 
in  this  respect,  is  almost  sufficient  to  prove  that  they  are  not  the  same  species." 

A  correspondent  in  Loudon's  Magazine  of  Natural  History,  vii,  1834,  p.  209,  observed  : 
"  The  oi^inion  there,  on  the  Wharfe,  is,  that  if  a  female  salmon  gets  up,  even  if  no  male  accompanies 
her,  yet  her  eggs  are  fecundated  by  the  male  smolts." 

Sir  W.  Jardine,  Edinburgh  Neio  Pltilosophical  Journal,  1835,  p.  56,  stated  of  the  Sahno 
salmulus,  or  par,  "  the  greatest  uncertainty,  however,  latterly  resolved  itself  into  whether  the  par 
was  distinct,  or  a  variety,  or  young  of  the  common  trout,  S.fario.  With  the  migratory  salmon  it 
has  no  connection  whatever.  "  In  the  markings  they  are  so  distinct  as  to  be  at  once  separated 
from  the  trout  by  any  observer."  "  I  have  no  hesitation  in  considering  the  par  not  only  distinct, 
but  one  of  the  best  and  most  constantly  marked  species  we  have,  and  that  it  ought  to  remain  in 
our  system  as  the  .S'.  salmulus  of  Bay."  He  also  said,  "From  the  migratory  salmon  it  is  separated 
entirely  by  its  habits.  The  correct  distinguishing  marks  to  be  seen  by  a  i^ersou  who  Jhas  not 
leisure  to  make  a  minute  examination,  are  the  great  size  of  the  pectoral  fins,  the  shortness  of  the 
maxillary  bones,  and  consequently  the  small  gape,  and  the  narrow  breadth  between  the  rami  of 
the  lower  jaw"  {Bertinchshire  Naturalists'  Field  Club,  i,  p.  84). 

Jenyns,  Manual  of  British  Vertebrate  Animals,  1835,  p.  426,  gave  the  Salmo  salmulus,  which  he 
remarked  is  now  pretty  well  ascertained  to  be  a  distinct  species,  always  remaining  of  a  small  size. 
It  is  called  in  some  places  a  "par,"  in  others  a  "skirling"  or  "brandling."  According  to 
Dr.  Heysham,  Catalogue  of  the  Animals  of  Cumberland,  p.  31,  the  adult  fish  go  down  to  the  sea 
after  spawning,  which  takes  place,  as  in  the  other  migratory  species  of  this  genus,  in  the  depth 
of  winter. 

Sir  John  Bichardson,  Encyclopedia  Britannica,  Ed.  1835,  p.  205,  stated,  "  The  ova  continue 
covered  by  the  gravel  during  the  winter,  and  begin  to  vivify  from  about  the  end  of  March  to  the 
commencement  of  April.  The  fry  remove  from  under  the  gravel  when  nearly  an  inch  in  length, 
with  the  ovum  still  attached ;  and  at  this  period,  if  the  spawning  bed  or  furrow  be  turned  up,  it 
will  appear  in  motion.  When  disengaged  from  the  ova  the  fish  increase  in  size  more  rapidly, 
and  about  the  end  of  April  and  during  May  commence  and  perform  their  first  migration  or  journey 
to  the  sea.     At  this  time  they  are  from  four  to  six  inches  in  length." 
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As,  however,  the  changes  these  fish  undergo  will  be  fully  alluded  to  under 
the  head  of  salmou  bred  iu  fresh  waters,  and  whieh  have  not  descended  to  the  sea 
such  will  not  be  described  in  this  place. 

Yarrell,  Ilistoi-y  of  British  Fishes,  Edition  1,  183G,  i,  p.  15,  observed  of  the  fry  of  tlic 
various  species  of  SalmoniJcc  that  "  it  is  this  similarity  in  marking  and  appearance  of  the  fry 
which  has  caused  the  dilliculty  in  distinguishing  between  the  various  species  when  so  young  ;  and 
experimenters,  believing  they  had  marked  young  par  only,  have  been  surprised  to  find  some  of 
their  marked  fish  return  as  grilse,  young  bull  trout,  or  whilling,  salmon  trout,  river  trout,  and 
true  par."  "Tlie  laspring  of  some  rivers  is  the  young  of  the  true  salmon,  but  in  others,  as  I  know 
from  having  had  specimens  sent  me,  the  laspring  is  really  a  par."  At  page  42  he  gives  a  good 
figure  of  the  par,  and  remarked  "  that  this  little  fish,  one  of  the  smallest  of  the  British  Salinoitida, 
has  given  rise  to  more  discussion  than  any  otlier  species  of  the  genus."  Continuing  that  it  has 
frequently  been  insisted  upon  as  the  young  of  the  salmon,  and  local  regulations  have  as  generally 
been  invoked  for  its  preservation.  That  the  par  is  not  the  young  of  the  salmon,  or  indeed  of  any 
other  of  the  larger  species  of  Salmonidce,  as  still  considered  by  some,  is  suiliciently  obvious  from 
the  circumstance  that  pars  by  hundreds  may  be  taken  in  the  rivers  all  the  summer,  long  after  the 
fry  of  the  year  of  the  larger  migratory  species  have  gone  down  to  the  sea :  and  the  greater  part 
of  those  pars,  taken  even  in  autumn,  do  not  exceed  five  inches  in  length,  when  no  example  of  the 
young  of  the  salmon  can  be  found  under  sixteen  or  eighteen  inches,  and  the  young  of  the  bull 
trout  and  salmon  trout  are  large  in  proportion."  He  also  alluded  to  an  opinion  which  prevailed 
that  pars  were  hybrids,  and  all  of  them  males.  Heysham  found  196  females  out  of  395.  Yarrell 
likewise  remarked  the  "  skegger  "  of  the  Thames  is  the  par  or  samlet. 

Russel  stated  that  about  ten  years  before  what  were  really  the  first  decisive  experiments  (1824 
or  1825)  weie  made,  Mr.  Scrope  {Days  and  Nights  of  Salmon  Fishing)  wrote  a  long  letter  to  the  Right 
Hon.  T.  F.  Kennedy,  m.p.,  in  which  the  theory  or  rather  fact  that  the  par  is  the  young  of  the 
salmon  was  stated  with  positivcness  and  argued  with  great  clearness  and  force.  Also  "  the 
finding  in  spring  of  the  distinctive  marks  of  the  par  under  the  silver  scales  of  the  smolt."  About 
eight  years  later,  and  still  previous  to  the  decisive  experiments,  he  continued,  "  James  Hogg,  the 
Ettrick  Shepherd,  gave  the  world  some  very  good  reasons  of  his  own  for  holding  the  par  to  be 
young  of  the  salmon,  reasons  founded  on  observation  and  experience,  partly  on  his  having  observed 
the  gradual  assumption  of  the  migratory  dress  by  the  par  in  the  spring  months,  partly  on  his 
having  caught  a  grilse  fish  which  he  had  marked  when  par,  or  when  in  their  transition-state  from 
par  to'^smolt."  Previously  he  had  held  a  different  opinion,  believing  the  par  not  to  be  the  young 
of  the  salmon,  but  was  convinced  to  the  contrary  by  Mr.  Scrope. 

Shaw,  Edinburgh  Neiv  Philosophical  Journal,  183G,  p.  99,  communicated  certain  expernnents 
which  he  instituted  on  the  par  as  to  what  its  relations  really  were,  for  he  had  always  believed  it 
to  be  the  young  of  the  salmon.  On  July  11th,  1833,  he  caught  seven  pars,  and  put  them  into  a 
pond  supplied  with  a  stream  of  wholesome  water.  In  April,  1834,  they  became  of  a  beautiful  blue 
on  the  back,  and  a  delicate  silvery  appearance  on  the  sides,  while  the  scales  came  readily  off  on 
their  being  handled.  In  March,  1835,  he  took  twelve  more  pars,  averaging  six  inches  each  in 
length  from  the  river,  which  assumed  the  smolt  dress  in  April,  1835,  which  species  he  concluded 
these  fish  to  be.  "  The  salmon  fry  has  hitherto  been  erroneously  supposed  to  grow  to  the  size  of 
six  or  eight  inches  in  as  many  weeks,  and  to  take  its  departure  for  the  sea  after  this  brief  period 
has  elapsed.  The  rapidity  with  which  the  par  of  two  years  old  assumes  the  appearance  of  the 
salmon-fry  has  led  to  this  error,  the  par  taking  about  the  same  time  to  perfect  its  new  dress,_  as 
the  young  salmon  is  supposed  to  take  in  attaining  the  growth  at  which  it  has  arrived  at  the  period 
of  its  migration."  In  May,  1834,  he  caught  some  young  about  one  inch  in  length  with  a  gauze 
net,  and  put  them  into  two  separate  ponds  provided  with  a  proper  supply  of  running  water.  In 
May,  1835,  they  averaged  3|  inches  long,  and  corresponded  to  the  par  of  the  river,  and  in  the 
second  week  of  that  month  assumed  the  smolt  livery  and  measured  about  6^  inches  in  length 
each.  On  January  10th,  1830,  he  saw  a  female  salmon  about  16  lb.  weight,  and  two  males  of  at 
least  25  lb.  engaged  in  depositing  their  spawn,  and  three  days  subsequently  he  obtained  ova 
from  the  spot  where  he  had  observed  these  fishes,  and  which  ova  he  placed  in  gravel  under  a 
stream  of  pure  spring  water.  On  April  8th  he  found  they  had  hatched,  and  after  140  days  more 
corresponded  with  the  little  fishes  he  had  taken  away  in  May,  1834. 

Mr.  Shaw  read  a  paper  before  the  Eoyal  Society  of  Edinburgh,  December  18th,  1837,  m 
which  he  observed  that  his  former  paper  on  ova  taken  from  the  Nith  had  been  objected  to  as 
there  was  not  sufficient  evidence  that  these  were  the  eggs  of  the  salmon,  the  same  stream  being 
accessible  to  other  fish.  So  he  repeated  his  former  experiments,  preserving  the  skins  of  the 
parent  fish,  also  laying  his  experimental  basins  dry,  not  only  for  the  purpose  of  removing  any 
young  fish  which  might  remain,  but  likewise  to  fit  them  up  on  such  a  principle  as  would  exclude 
the  possibility  of  confusion,  either  from  the  overflowing  of  the  ponds  themselves,  or  from  the 
flooding  of  the  river  Nith,  on  the  banks  of  which  they  were  situated.  On  January  4th,  1837,  he 
captured  a  pair  of  salmon  engaged  in  depositing  their  spawn.  Before  proceeding  to  take  the  fish 
he  formed  a  small  trench  in  the  shingle  at  the  edge  of  the  river,  through  which  he  directed  a. 
small  stream  of  water  two  inches  deep.  At  the  end  of  this  trench  he  placed  an  earthenware  basin 
of  considerable  size  for  the  purpose  of  ultimately  receiving  the  ova.  Having  drawn  the  fish 
ashore  he  placed  the  female,  still  alive,  in  the  trench,  and  pressed  from  the  body  a  quantity  of 
the  ova.  Then  the  milt  was  similarly  obtained  from  the  male,  thoroughly  impregnating  the 
eggs.  The  eggs  were  now  transferred  to  the  earthenware  basin,  and  deposited  in  a  stream 
connected  with  a  pond  previously  formed  for  its  reception.    On  the  28th  of  April,  or  114  days 
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In  October,  1886, 1  received  from  Mr.  Willis-Bund  a  fish  5|  inclies  long  taken  in 
the  Teme,  and  which  the  fishermen  asserted  was  a  scagger,  and  neither  a  samlet  nor 

after  being  removed  from  the  parent  fish,  the  eggs  hatched.  On  May  24th,  or  twenty- seven  days 
after  being  hatched,  the  young  had  absorbed  the  yelk-sac  ;  they  died  a  few  days  subsequently, 
caused,  he  su}iposed,  from  a  deposition  of  mud,  the  same  result  having  been  more  than  once 
produced  when  the  pond  had  not  been  sufficiently  embedded  with  graved. 

The  next  experiment  was  conducted  with  more  success.  The  parent  fish  were  similarly 
captured  on  January  '27th,  1837,  subsequently  killed,  and  their  skins  preserved.  The  male  when 
taken  weighed  16  lb.,  and  the  female  8  lb.  On  May  7th,  or  101  days  after  removal  from  the 
parent  fish,  the  eggs  hatched.  He  gave  illustrations  life  size,  from  examples  ten  days  old, 
forty-eight  days,  two  months,  and  six  months  of  age,  while  no  marked  difference  could  be 
observed  between  them  and  the  par  in  the  river  of  a  corresjionding  age. 

Shaw  stated,  Transactions  of  Royal  Society  of  Edinhuryh,  xiv,  p.  561,  that  in  January,  1837,  he 
took  a  female  salmon,  weighing  14  lb.,  from  the  spawning-bed,  from  whence  he  also  took  a  male 
par  weighing  one  and  a  half  ounce,  with  the  milt  of  which  he  impregnated  a  quantity  of  her  ova 
and  placed  it  in  a  stream  connected  with  a  pond,  where,  to  his  great  astonishment,  the  iwocess 
succeeded  in  every  respect  as  it  had  done  with  that  which  had  been  impregnated  by  the  adult 
male  salmon,  and  exhibited,  from  the  first  visible  appearance  of  the  embryo  fish,  up  to  their 
assuming  their  migratory  dress,  the  utmost  health  and  vigour.  In  January,  1888,  he  took  another 
female  salmon  weighing  14  lb.  and  two  male  pars  from  the  same  spawning-bed  and  impregnated 
two  lots  of  their  ova  with  the  milt  from  the  two  pars,  and  afterwards  placed  them  in  two  different 
streams  enclosed  in  boxes,  ojien  at  the  top,  temperature  45°.  In  December,  1838,  he  took  a 
female  salmon  from  the  river  weighing  11  lb.,  and  four  male  pars  from  the  same  spawning-bed. 
After  impregnating  four  different  lots  of  ova,  one  lot  to  each  individual  par,  he  placed  the  four 
pars  in  a  pond,  where  they  remained  until  the  following  May,  at  which  period  they  assumed  the 
migratory  dress.  The  ova  were  placed  in  streams  to  which  no  other  fish  had  access,  and  where 
they  became  mature  in  a  similarly  progressive  manner  to  those  already  detailed,  thus  clearly 
demonstrating  that  the  young  salmon  of  18  months  old,  while  yet  in  the  par  or  early  state, 
actually  performs  the  duties  of  a  male  parent  before  quitting  the  river.  While  the  males  of  the 
three  several  broods  which  occupied  ponds  No.  1,  2,  3  continued  in  a  breeding  state,  which  lasted 
throughout  the  whole  of  the  winter  of  1838-39,  he  impregnated  the  ova  of  three  adult  female 
salmon  from  the  river  with  the  milt  of  a  male  taken  from  each  of  the  three  ponds,  and  the  whole 
of  these  ova  matured.  This,  he  deemed  at  once,  removed  any  doubt  which  may  have  been 
entertained  regarding  the  constitutional  strength  of  individuals  reared  under  such  circumstances. 

At  Stormontfield,  in  the  season  of  1857  (November  or  December),  milt  from  a  par  was  used  to 
fertilize  the  ova  of  a  16  lb.  salmon,  and  in  1858  they  had  fry  of  salmon,  fry  of  grilse  and  salmon, 
fry  of  grilse,  and  the  fry  of  the  salmon  and  par.  "  On  the  closest  inspection,  no  difference  was 
perceptible  either  in  the  form,  colour,  size,  or  markings  of  any  of  these  fish.  There  were  larger 
and  smaller  fry  to  be  seen  amongst  all  these  hatchings  "  (Brown,  Stormontfield  Exjicriments,  p.  74). 

Parnell,  Fishes  of  the  District  of  the  Forth,  1838,  page  298,  gave  the  Salmo  sahnidus,  or  par, 
as  a  distinct  species,  observing  "  that  if  we  compare  a  young  salmon  of  eight  inches  in  length  with 
a  j^ar  of  equal  size,  both  taken  from  the  same  river  in  the  month  of  May,  we  shall  find  them  to 
differ  in  the  following  respects  :  the  form  of  the  salmon  is  long  and  narrow,  the  snout  pointed,  and 
the  caudal  fin  acutely  forked :  the  body  of  the  2^ar  is  thick  and  clumsy,  the  snout  broad  and 
blunt,  and  the  caudal  fin  much  less  forked.  The  opercular  of  the  salmon  is  beautifully  rounded 
at  its  ijosterior  margin,  with  the  basal  line  of  union  with  the  sub-operculum  much  curved  :  in  the 
par  this  i^art  is  rather  produced,  with  the  line  of  union  nearly  straight.  In  the  salmon  the 
maxillary  is  short  and  narrow,  in  thej'w  it  is  longer  and  broader,  particularly  at  the  posterior  free 
extremity.  The  teeth  of  the  salmon  are  long  and  fine,  when  recent  easily  bent:  those  of  the  jJar 
are  shorter  and  stouter,  and  resist  much  greater  pressure.  In  the  salmon  the  pectoral  fin  is 
short,  not  quite  one-seventh  part  the  length  of  the  whole  fish,  with  the  fourth  ray  the  longest:  the 
same  fin  in  the  2^ar  is  very  long,  not  quite  one- sixth  part  the  length  of  the  whole  fish,  with  the 
fifth  ray  longest,  giving  a  form  to  the  fin  totally  different  from  that  of  the  salmon.  The 
pectoral,  dorsal,  and  caudal  fin  in  the  salmon  are  black  :  those  fins  in  the  j^ar  are  dusky.  The 
fiesli  of  the  salmon  is  delicate  and  pinkish,  the  bones  soft,  and  the  coats  of  the  stomach  thin  and 
tender :  the  flesh  of  the  j^ja;-  is  white  and  firm,  the  bones  stout  and  hard,  and  the  coats  of  the 
stomach  and  intestines  thick  and  tough."  "  It  is  generally  supposed  that  those  small  fish,  from 
four  to  five  inches  in  length,  which  are  found  so  i^lentiful  in  many  rivers  during  the  autumn 
months,  and  which  are  marked  on  the  sides  with  from  ten  to  eleven  transverse  dusky  bands,  and 
a  black  spot  on  each  gill-cover,  are  either  all  pars  or  the  young  of  the  salmon.  But  from  a 
minute  examination  of  several  hundred  of  these  fish,  taken  in  various  rivers  in  England  and 
Scotland,  I  am  induced  to  consider  them  as  not  all  of  one  sjiecies,  but  the  J'oung  of  various 
species  or  varieties  of  migrating  trout,  in  company  with  the  young  of  the  salmon,  with  the 
Salmo  salnndns  or  jiar,  andwith  different  varieties  of  the  common  fresh-water  trout ;  all  of  which 
have  received  the  names  of  Hcppers,  Brandlings,  Samlets,  Fingerlings,  GrareUings,  Lasjrriiigs, 
Skirlings,  and  Sjxniings."  "  There  are  still  great  doubts  as  to  the  par  being  a  migratory 
species,  since  no  instance  has  been  recorded  of  its  capture  in  the  sea.  Nor  does  it  appear  to 
me  to  be  so  common  a  fish  as  is  generally  considered." 

Mr.  Jenkins  of  Hereford  (January  29th,  1840),  observed  that  "  the  lasprings  or  samlets  seen 
in  the  autumn  in  the  Wye,  are  the  young  of  the  salmon,  but  some  think  they  are  hybrids." 

Mr.  Young  of  Invershin,  Book  of  Salmon,  1850,  observed  that  Shaw's  calculations  on  the  age 
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a  smolt.  It  Avas  a  salmon  par,  rather  thin  for  this  time  of  year,  and  its  generative 
organs  only  half  mature.     In  colour  it  was  similar  to  many  which  I  have  seen  from 

of  the  par  "were  wrong  by  one  whole  year:  that  tlicre  were  no  salmon-fry  to  be  found  in 
sahnon  rivers  with  transverse  bars  at  the  age  of  eiglitcen  months,  that  they  became  smolts  at 
the  age  of  twelve  months,  and  then  migrated  seawards,  and  not  at  the  age  of  twenty-four 
months  according  to  Mr.  Shaw's  experimental  tlieory  "  (p.  103). 

A  Committee  of  the  Tay  Proprietors,  on  May  '2nd,  1855,  was  hold  at  tlie  Stormontfiold  ponds, 
"  to  consider  the  expediency  of  detaining  the  fry  (which  had  been  hatched  Marcli  31st,  1854,  and 
were  3  or  4  in.  in  length)  for  another  year  or  allowing  them  to  depart.  A  comparison  with 
undoubted  smolts  of  the  river  then  descending  seawards,  with  the  fry  in  the  jDonds,  led  to  the 
conclusion  that  tlie  latter  were  not  yet  smolts  and  ought  to  be  detained.  Seventeen  days  after- 
wards, viz.,  on  the  19th  May,  a  second  meeting  was  held  in  consequence  of  the  great  numliers  of 
fry  having  in  the  interim  assumed  tlie  migratory  dress.  On  inspection,  it  was  found  tliat  a 
considerable  portion  were  actual  smolts,  and  the  committee  came  to  the  determination  to  allow 
them  to  depart.  Accordingly,  the  sluice  communicating  with  the  Tay  was  opened  and  every 
facility  for  egress  afiforded.  Contrary  to  expectation,  none  of  the  fry  manifested  any  inclination 
to  leave  the  pond  until  the  '24th  May,  when  the  larger  and  more  mature  of  the  smolts,  after 
having  held  themselves  detached  from  the  others  for  several  days,  went  off  in  a  body.  A  series 
of  similar  emigrations  took  place,  until  fully  one  half  of  tlie  fry  had  left  the  jioud,  and  descended 
the  sluice  to  the  Tay.  ...  As  the  shoals  successively  left  the  pond,  about  one  in  every  hundred 
was  marked  by  the  abscision  of  the  second  dorsal  fin.  A  greater  number  were  marked  on  the  '2Utli 
of  May,  than  on  any  other  day,  in  all  about  1200  or  1300.  .  .  .  Within  two  months  of  the  date  of 
their  liberation,  viz.,  between  the  29th  of  May  and  the  31st  of  July,  twenty-two  of  the  young  fish 
so  marked  when  in  the  state  of  smolts  on  their  way  to  the  sea,  have  been  in  their  returning 
migration  up  the  river,  recaptured,  and  carefully  examined.  This  fact  may  be  considered  as  still 
further  established,  by  observing  the  increased  weight,  according  to  date,  of  the  grilse  caught  and 
examined  :  those  taken  first  weighing  5  to  9^  lb.,  then  increasing  progressively  to  7  and  8  lb., 
whilst  the  one  captured  31st  July,  weighed  no  less  than  9i  lb.  In  all  these  fish  the  wound 
caused  by  marking  was  covered  with  skin,  and  in  some  a  coating  of  scales  had  formed  over  the 
part." — Report  of  Committee  on  Stonnontficld  Ponds  to  the  British  Association,  1856,  page  453. 

Thompson,  Natural  History  of  Ireland,  185G,  being  a  reprint  of  many  of  his  papers,  written  at 
various  dates,  termed  the  par  or  gravelling,  the  young  of  the  salmon  (vol.  iv,  p.  143).  "  The 
remark  of  Pennant,  that  '  the  adipose  fin  is  never  tipped  with  red,  nor  is  the  edge  of  the  anal 
white,'  can  only  be  considered  as  generally  correct.  Two  of  my  pars  do,  though  very  faintly, 
show  red  on  the  adipose  fin  and  one  half  of  them  have  the  base  of  the  anal  fin  white."  "  The 
three  most  striking  characters  of  the  par  in  contradistinction  to  the  common  trout,  are — its  tail 
being  more  forked,  its  having  only  two  or  three  spots  on  the  opercula,  and  its  want  of  dark-coloured 
spots  beneath  the  lateral-line.  The  pectoral  fin  of  the  par  is  larger,  and  the  hinder  portion  of  the 
operculum  less  angular  than  in  the  common  trout." 

Yarrell,  British  Fishes,  1841,  ii,  p.  14,  etc.,  stated,  "In  order  to  prevent  any  mis- 
conception of  the  terms  employed,  I  shall  speak  of  the  young  salmon  of  the  first  year  as  a  pink ; 
on  its  second  year,  until  it  goes  to  sea,  as  a  smolt;  in  the  autumn  of  the  second  year,  as  salmon- 
peal  or  grilse ;  and  afterwards  as  adult  salmon."  "Mr.  Shaw's  experiments  have  gone  very  far 
towards  convincing  many  that  the  par,  as  a  distinct  species,  does  not  exist"  (p.  84). 

In  the  List  of  the  Sj^ecimens  of  British  Animals  in  the  Collection  of  tlie  British  Museum, 
"Fish  "  was  written  by  Mr.  Adam  White  in  1851,  and  at  page  76  the  par  was  given  as  the  young 
of  the  salmon  and  sea  trouts. 

In  the  evidence  given  in  the  case  of  Galbraith  I'ersns  Shaw,  held  at  Dunblaine  in  January, 
1858,  some  river  watchers  deposed  as  follows : — "I  have  not  seen  a  female  par  with  spawn  at  all. 
The  male  par  will  spawn,  or,  as  I  mean,  have  milt  the  first  year  of  its  existence."  "I  have  seen 
smolt  go  to  sea  in  shoals.  I  won't  swear  that  I  ever  saw  par  going  down  with  them."  "Par 
sometimes  remain  more  than  a  year  in  the  river  after  they  are  hatched.  They  then  become 
smolts  with  a  silvery  skin,  and  in  that  state  descend  to  the  sea.  When  a  smolt  is  stripped  of  its 
scales,  it  is  a  par  below"  (James  Mathie).  "The  marks  of  a  par  are  finger  marks.  The  number 
of  marks  vary.  I  liave  found  eleven,  and  I  have  found  sixteen.  Tire  pars  thus  observed  were  of 
the  same  ages.  The  number  of  marks  does  not  depend  on  the  size.  I  never  saw  par  with  fewer 
than  eleven.  I  have  never  seen  par  taken  from  any  river  but  the  Tay."  "  The  par  of  the  trout 
has  the  dead  fin  orange  ;  the  rudder  fin  is  white  at  the  bottom  and  yellow  at  the  top.  They  have 
not  so  many  par  marks  as  the  par.  I  do  not  think  they  have  ever  more  than  six  marks"  (Peter 
Marshall).  "There  is  not  a  pool  or  stream  on  the  Teith  where  par  are  not  (I  confine  myself  to 
smolts).  Every  pool  at  a  certain  time  has  par.  It  is  my  opinion  that  pars  are  the  fry  of  salmon. 
They  assume  the  silvery  scale  when  they  go  down  the  river.  I  have  seen  kelts  taking  on  the 
same  silvery  coat  at  repeated  times,  in  the  end  of  March  and  April,  preparing  to  descend  the 
river;  but  before  this  I  have  seen  them  of  a  different  colour"  (James  Greenhorn). 

Of  the  1854  salmon  hatching  at  Stormontfiold,  Mr.  Buist  reported  "that  the  first  of  the  fry 
that  left  the  ponds  as  smolts  in  1855  was  on  the  19th  of  May ;  the  last  on  the  7th  of  June.  No 
more  left  that  year.  The  first  of  the  same  brood  which  remained  as  par  all  last  season  assumed 
the  smolt  scales  in  August,  1856.  The  first  division  went  off  on  the  28th  of  April,  and  the  last  on 
the  26th  of  May.  In  both  years  they  went  off  daily  in  divisions  from  the  first  to  the  last  day. 
About  1300  were  marked  in  1855,  and  several  returned,  as  stated  in  my  report.  The  number 
marked  in  1856  was  300  with  rings,  and  800  with  cuts  in  the  tail.     Taking  one  in  each  hundred 
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Wales  and  the  soutb,  in  wliich  tlie  finger  marks  are  distinct  along  tteir  tipper  edge 
from  the  colours  of  the  back  into  -which  they  do  not  run  as  is  mostly  the  case. 
At  Stormontfields,  a  suggestion  which  had  been  advanced  that  the  anomaly  of 

as  marked  it  may  be  reckoned  thus :— Left  the  pond  in  1855,  130,000 ;  in  1856,  100,000 ;  total, 
230,000."  Although  many  grilse  were  reported  to  the  superintendent  as  captured,  having  this 
year's  mark,  not  one  having  the  ring  was  among  those  taken.  The  grilse  in  1856  were  very 
numerous,  but  marked  ones  were  not  detected.  A  few  of  the  fry  that  left  the  pond  in  May  or 
June,  1855,  were  reported  as  having  been  caught  this  season  as  salmon. 

Dr.  J.  Davy,  Plnjsiological  Researches,  1863,  p.  221  concluded  "that  a  par— a  distinct 
species — is  a  creature  of  the  imagination,  and  that  the  idea  of  such  a  species  ought  to  be  opposed, 
both  as  founded  in  error,  and  as  affording  a  pretence  to  allow  of  the  wasteful,  mischievous  capture 
of  the  salmon  and  sea-trout  fry." 

Eussel,  The  Salmon,  1864,  p.  33,  observed  that  the  chief  questions  are,  or  have  been: — 
1st.  Is  the  par  the  young  of  the  salmon  in  earliest  infancy  ?  2nd.  At  what  age  does  the  smolt 
emigrate  to  salt  water  ?  3rd.  After  what  length  of  absence  does  the  emigrant  return  to  fresh 
water?  4th.  In  what  state  does  he  return,  "grilse  or  salmon?"  Continuing,  "that  the  par  is 
the  infant  young  of  the  salmon  was  a  fact  so  clear,  or  a  conclusion  so  inevitable,  before  the 
experiments  (Shaw's)  were  made,  that  it  would  not  be  hard  to  conceive  how  it  could  ever  have  been 
in  doubt.  Were  it  not  that,  even  after  the  experiments  have  furnished  the  most  ample  demon- 
stration, there  are  still  to  be  found  a  considerable  number  of  people  who,  instead  of  having  been 
convinced, have  only  been  enraged."  "Every  schoolboy  on  the  banks  of  the  Tweed  (where  almost 
alone  the  S.  salar  and  S.  eriox  are  found  together  in  plenty)  knows  at  a  glance  the  difference 
between  the  smolt  of  the  salmon  and  of  the  bull  trout — the  black-fin  and  the  orange-fin." 

Couch,  British  Fishes,  iv,  1865,  p.  245,  observed,  "  The  question  at  present,  therefore,  is 
not  whether  the  young  of  the  salmon — and,  we  may  add,  of  some  others  of  the  same  family — 
may  not  remain  in  fresh  water  for  more  than  a  year,  during  which  they  may  bear  on  the  sides  a 
series  of  dusky  marks  at  this  time,  denominated  Par-bands,  but  whether  there  be  not  also  a 
distinct  species  which  bears  those  marks,  and  which,  by  something  like  arrested  development,  is 
never  deprived  of  them."  "  Mr.  Shaw's  conclusions,  in  some  particulars,  appear  to  be  far  from 
satisfactory :  and,  as  regards  the  true  nature  of  a  fish  he  terms  the  par,  the  question  appears  to 
be  exactly  where  he  found  it." 

Bertram,  The  Harvest  of  the  Sea,  1865,  p.  105,  remarked :  "  Indeed,  the  experiments 
conducted  at  the  Stormontfield  ponds  have  conclusively  settled  the  long-fought  battle  of  the  par, 
and  proved  indisputably  that  the  par  is  the  young  of  the  salmon,  that  it  becomes  transformed  to 
a  smolt,  grows  into  a  grilse,  and  ultimately  attains  the  honour  of  full-grown  salmonhood.  The 
anomaly  in  the  growth  of  the  par  was  also  attempted  to  be  solved  at  Stormontfield,  but  without 
success.  In  November  and  December,  1857,  provision  was  made  for  hatching  in  separate  com- 
partments the  artificially  impregnated  ova  of — (1)  par  and  salmon ;  (2)  grilse  and  salmon  : 
(3)  grilse  pure  ;  (4)  salmon  pure.  It  was  found,  when  the  young  of  the  different  matches  came 
to  be  examined  early  in  April,  1859,  that  the  sizes  of  each  kind  varied  a  little.  Mr.  Buist,  the 
superintendent  of  fisheries,  informing  us  that — (1st)  the  produce  of  the  salmon  with  salmon  are 
four  inches  in  length ;  (2nd)  grilse  with  salmon,  3^  inches;  (3rd)  grilse  with  grilse,  3^  inches; 
(4th)  par  with  grilse,  three  inches ;  (5th)  smolt  from  large  pond,  five  inches.  These  results, 
of  a  varied  manipulation,  never  got  a  fair  chance  of  being  of  use  as  a  proof  in  the  disputation  ; 
for  owing  to  the  limited  extent  of  the  ponds  at  the  time,  the  experiments  had  to  be  matured  in 
such  small  boxes  or  ponds  as  evidently  tended  to  stunt  the  growth  of  the  fish." 

Another  theory  at  this  period  obtained  some  notice  respecting  why  merely  half  of  the  par 
descended  as  smolts  one  year,  for  this,  it  was  asserted,  must  be  in  consequence  of  the  first  batch 
being  the  progeny  of  pure  salmon  and  the  second  the  offspring  of  grilse — a  theory  which  on 
investigation  proved  to  have  no  foundation. 

Bv.  Giinthev,  Catalogjie  of  the  Fi^fhesof  the  British  3hiseitm,\i, 186&,-pi:i.  11-34,  placed  the, S'fl/Hn//«s 
of  Willoughby  as  the  young  of  a  variety  of  sea  trout,  which  he  termed  ,S'.  camhriais ;  while  the 
Salnni'lus  of  Bay  he  considered  an  immature  salmon,  observingin  a  note  that  "  under  these  names  the 
young  not  only  of  the  salmon,  but  also  of  other  salmonoids,  have  been  described."  Bay's  description 
was  almost  verbally  identical  with  that  of  Willoughby;  and  in  the  Introduction  to  the  Study  of  Fishes, 
by  Dr.  Giinther,  1880,  it  was  observed  that  "  the  Historia  Piscium,  which  bears  Willoughby's  name 
on  the  title-page,  and  was  edited  by  Bay,  is  clearly  their  joint  production."  He  also  said  :  "  Shaw  has 
demonstrated  in  the  most  conclusive  manner  that  those  small  Salmonoids,  generally  called  Far, 
are  the  oiJspring  of  the  salmon,  and  that  many  males  from  seven  to  eight  inches  long,  have  the 
sexual  organs  fully  developed,  and  that  their  milt  has  all  the  impregnating  properties  of  the  seminal 
fluid  of  a  much  older  and  larger  fish.  That  this  par  is  not  a  distinct  species — as  has  lately  been  again 
maintained  by  Couch — is  further  proved  by  the  circumstance  that  these  sexually  mature  pars  are 
absolutely  identical  in  their  zoological  characters  with  the  immature  pars,  which  are  undoubtedly 
young  salmon,  and  that  no  par  has  ever  been  found  with  mature  ova.  But  whether  these  par  produce 
normal  salmon,  imjiregnating  the  ova  of  female  salmon,  or  mingle  with  the  river  trout,  or  whether 
they  continue  to  grow  and  propagate  their  species  as  true  salmon,  are  questions  which  remain  to  be 
answered." 

In  1869  commenced  the  case  of  theTay  Fishery  Board  versus  Miller,  who  was  accused  "in  so 
far  as,  upon  Saturday,  the  16th  June,  1869,  or  about  that  time,  the  said  Bobert  Miller  had  in 
his  possession  nine  smolts  or  salmon  fry."     This  was  first  decided  against  the  Fishery  Board, 


SALMON— PAR  BECOMING    SMOLTS.  89 

some  pars  migrating  at  orio  year  the  remainder  after  two  seasons  was  owing  to 
the  first  being  tlie  produce  of  salmon  and  the  second  of  grilse  was  refuted.* 
While  observations  made  in  the  same  establishment  also  clearly  proved  individual 
par  from  one  hatching  may  greatly  vary  in  size,t  and  that  when  half  the  j)ar 
descended^  from  the  breeding  pond  as  smolts  one  year,  those  which  remained  for 

who  appealed,  when  the  case  was  remitted  back  to  tlic  slicriff  to  inquire  whether  "  par  wore 
salmon  fry"?  On  the  8th  of  October,  18G9,  the  sherill  found  that  "  tlic  defendant  had  in  liis 
possession  certain  lish  commonly  known  as  pars,  but  which  are  not  named  in  the  prohibitory  and 
penal  clauses  libelled  ;  but  finding  it  not  proved  that  he  then  had  any  fish  known  as  smolts,  the 
only  fish  named  in  the  same  section  of  the  statute  libelled,  and  declines  to  inquire  and  decide 
the  question  in  natural  science,  whether  par  be,  or  be  not,  salmon  fry."  The  sherill-substitute, 
July  l'2th,  1870,  "finds  it  not  i^roved  that,  in  the  popular  and  well-understood  sense,  any  of  the 
pars  found  in  the  possession  of  the  accused  on  the  day  libelled  were  salmon  fry."  He,  however, 
admitted  that  the  evidence  as  a  naturalist  "would  have  led  him  to  decide,  as  a  poiut  of  science, 
that  par,  or  at  least  certain  of  that  family,  were  the  young  of  salmon."  Another  appeal  was  now 
made  on  July  20th,  1870,  that  as  the  pars  "  were  the  young  of  salmon,  or  salmon  fry,  the  sheriff- 
substitute  ought  to  have  given  effect  to  said  proof  by  a  judgment  against  the  respondent."  The 
case  was  tried  at  Perth,  September  7th,  1870,  and  the  defendant  was  finally  convicted. 

June  4th,  1872,  an  individual  was  summoned  before  the  sheriff  in  so  far  as,  on  the  24th  of 
April  last,  he  did,  on  the  right  bank  of  the  river  Allan,  by  means  of  a  rod  and  line,  take  or  have 
iu  his  possession  six  smolts  or  salmon  fry.  As  the  first  witness  observed,  salmon  fry  meant  the 
smolt  of  the  salmon  proper.  The  yellow-fin  was  the  sea  trout  smolt.  Oue  witness,  Mr.  G.  Young, 
of  Berwick,  deposed  that  the  orange-fins  of  the  Tweed  were  identical  with  the  yellow-fins  of  the 
Allan,  and  that  they  were  the  par  or  young  of  the  sea  trout.  Very  extensive  experiments  had  been 
made  iu  the  river  with  regard  to  these  fish.  He  was  a  Tweed  Commissioner,  and  also  belonged  to 
the  experimental  committee.  They  had  marked  these  fish  for  a  great  number  of  years,  and  had 
traced  them  into  all  stages  of  their  growth,  from  the  egg  to  the  full-grown  bull  or  sea  trout.  The 
orange-fin  is  the  young  of  the  sea  trout.  They  were  known  as  "black-tails,"  just  before  jjassing 
from  the  orange-fin  into  the  whitling  or  bull  trout.  Mr.  Bruce  remarked:  "They  have  par  to 
account  for  the  young  salmon,  the  small  yellow  trout  to  account  for  the  young  of  the  yellow  trout, 
and  it  seemed  to  him  that  the  yellow-fin  could  be  nothing  else  than  the  young  of  the  sea-trout." 
Dr.  Giinther  deposed  that  "  there  is  a  distinction  between  the  young  of  Salmo  salar  (the  salmon) 
and  a  member  of  the  Farios  (trout).  In  the  par  of  the  former  I  have  counted  as  many  as  nine  or 
ten  cross  bars,  and  in  the  latter  only  six  or  seven."  "I  am  not  quite  sure  but  that  milt  and  ova 
might  be  found  in  a  hybrid.  It  has  been  found  in  pars,  and  my  theory  is  that  where  this  is  so, 
the  fish  is  the  product  of  a  hen  salmon  and  a  male  river  trout,  and  it  was  frequently  found  that  a 
hen  salmon  was  spawning  on  the  same  gravel  bed  with  a  male  river  trout.  This  hybrid  would 
come  to  maturity  sooner  than  a  pure  bred  salmon,  and  thus  give  the  appearance  of  ova  or  milt 
being  found  in  the  par." 

Mr.  Buist,  StormontfieUl  Piscicultural  Experiments,  1867,  altered  his  mind  with  respect  to 
pars,  due  to  his  having  been  engaged  at  the  Stormontfield  ponds,  where  experiments  were  being 
carried  on,  and  affording  him  the  opportunity  of  observing  the  transformations  in  the  par  with  age. 
After  remarking  that  at  one  time  he  was  an  advocate  of  the  popular  dogma  that  the  par  was  a 
distinct  fish  by  itself,  one  proof  being  that  in  the  month  of  November,  1832,  a  male  par  had  been 
brought  to  him  with  the  milt  flowing  out.  "  The  par  in  question  was  really  the  young  salmon  of 
the  second  year,  which  had  not  then  gone  to  the  sea.  At  Stormontfield  we  have  repeatedly  seen 
a  young  salmon,  which  remained  in  the  rearing  jjond  till  the  time  of  migration  in  the  second  year, 
though  not  the  size  of  a  man's  finger,  yet  with  such  a  state  of  milt  in  the  breeding  season  that  we 
have  impregnated  eggs  of  the  full-grown  salmon  with  it,  and  thereby  produced  young  fish.  Such 
is  not  the  case  with  the  sister  fish  of  the  second  year  in  the  pond,  as  not  even  the  rudiments  of 
roe  can  be  traced  in  them." 

*  The  whole  of  the  fry,  numbering  about  200,000,  were  the  produce  of  19  male  and  31  female 
salmon  spawned  in  1859,  some  remained  as  par  while  others  migrated  as  smolts. 

t  While  as  to  variation  in  size  among  par,  Peter  of  the  Pools  remarked,  in  the  Field  of  April 
25th,  1863,  "  as  another  instance  in  the  strange  anomaly  in  the  growth  of  salmon,  I  send  three 
specimens  taken  from  the  Stormontfield  pond  on  Ajjril  1st.  As  the  label  on  the  bottle  tells,  they 
were  spawned  from  salmon  roe  about  the  end  of  December,  1861  ;  they  came  to  life  and  were 
hatched  in  April,  18G2  ;  they  have  been  fed  in  the  same  pond,  and  you  will  observe  what  an 
amazing  difference  there  is  in  the  size  and  growth,  the  largest  being  6^^  inches  and  weighing  646 
grains:  the  second  3^  inches,  weighing  135  grains  ;  and  the  third  2,^  inches,  weighing  26  grains. 
No.  3  is  a  tiny  little  creature  with  the  par  marks  on  it ;  no.  2  has  the  incipient  scales  on  it ;  and 
no.  1  with  these  scales  far  advanced.  I  have  no  doubt  that  at  least  no.  1,  had  he  been  left  in  the 
ponds,  would  with  others  of  like  size,  or  even  smaller,  have  gone  to  the  sea  this  year,  and  returned 
as  a  grilse.  No.  2  is  doubtful  and  may  perhaps  have  remained  till  another  season  ;  while  no.  3, 
would  we  allow  him,  would  keep  his  habitation  in  the  pond." 

}  Ramsbottom,  The  Sahiwn  and  its  Artificial  Propagation,  1854,  remarked  of  these  fish,  that 
"at  eighteen  months  of  age,  an  ounce  and  a  half  is  their  average  weight;  nor  do  they  much 
exceed  two  ounces  in  weight,  and  seven  inches  in  length,  when  about  to  assume  the  migratory 
dress  at  the  age  of  two  years  and  a  month  or  thereabouts"  (p.  17).     "Two  years  after  their 
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another  season  consisted  of  fish  of  both  sexes,  consequently  females  do  not  migrate, 
as  had  been  suggested,  one  year  earlier  than  the  males*  The  statement  of 
Dr.  Davy,  Physiological  Researches, -p.  221,  that  when  kept  in  confinement  the  milt 
of  these  fishes  is  shed  prior  to  their  assuming  the  smolt  livery  was  not  found  to  be 
generally  correct  at  Howietouu. 

Having  now  traced  the  produce  of  salmon  eggs  up  to  and  through  their  par 
stage,  it  is  necessary  to  follow  out  their  further  progress  towards  attaining  the 
condition  of  becoming  a  salmon.  The  par  on  assuming  the  smolt  livery,  as  it  does 
as  a  rule  when  commencing  its  seaward  journey,  changes  from  its  brilliant  golden 
and  spotted  colours  with  its  brilliant  finger-marks,  which  have  been  described 
(p.  5.5),  to  take  on  a  bright  silvery  appearance,  both  on  its  opercles  and  body. 
As  Howietoun  fish  showed  this  change  without  leaving  the  ponds,  it  is  clear  that 
such  must  precede  or  be  coincident  Avith,  but  not  consequent  on,  migration  seawards.f 
This  silvery  colour  is  not  owing  to  their  acquiring  an  additional  coating  of 
scales,  as  has  been  asserted,  but  due  to  the  deposition  of  a  silvery  pigment  on  the 
under  surface  of  the  scales  and  opercles,  J  which  latter  could  not  be  so  overlaid 
because  of  being  scaleless. 

These  silvery  smolts,  at  least  after  they  have  been  some  time  so,  may  be  turned 
directly  and  without  injury  into  sea  water,  while  the  scales  are  not  nearly  so 
adherent  as  when  the  fish  had  the  par  livery,  and  the  fish  itself  seems  more 
susceptible  of  injury. 

Although  the  great  seasonal  migration  of  sinolts  is  during  April,  or  May  and 
June,§  this  is  not'the  only  period  at  which  they  descend  seawards,  as  some  do  so 
during  the  autumn  months,  as  well  as  probably  throughout  the  year.     As  the 

exclusion  from  the  ova,  the  pinks  begin  to  assume  the  silvery  coat  prior  to  their  migration.  _  At 
this  period  their  transverse  bars  and  pink  spots  gradually  disappear  and  give  place  to  bright 
silvery  scales.  In  three  or  four  weeks  the  change  is  completed.  With  the  variation  of  their 
external  appearance  a  striking  alteration  in  their  habits  also  takes  place.  Pinks  are  invariably 
solitanj  previous  to  their  transmutation  into  smolts.  After  that  event  they  are  gregarious,  and 
assemble  in  numerous  shoals  shortly  before  the  commencement  of  their  descent  to  the  sea." 

*  Mr.  W.  Brown,  StormontjMd  E,r2}criments,  18(52,  p.  7,  observed  upon  having  in  February, 
183G,  caught  a  dozen  and  a  half  of  par  in  the  Tay.  He  kept  them  confined  in  a  stream  of  running 
water,  and  by  the  month  of  May  the  whole  of  them  had  become  smolts  ;  but  some  had  leaped  out 
of  their  confinement  in  their  struggle  to  find  their  way  to  the  sea,  and  were  found  dead  upon  the 
side  of  the  pond.  It  has  also  been  remarked  that  whether  a  river  is  an  early  or  late  one,  the 
descent  of  the  smolt  generally  occurs  during  the  spring,  between  March  and  June.  Mr.  Dunbar, 
who  annually  hatched  about  500,000  in  the  Thurso  river,  in  the  county  of  Caithness,  informed 
Mr.  Young  that  about  eight  per  cent,  became  smolt  at  the  end  of  the  first  year,  and  about 
(JO  per  cent,  at  the  end  of  the  second  year,  and  the  remainder,  or  32  per  cent.,  at  the  end  of  the 
third  year.  . 

t  There  seems  reason  to  believe  that  occasionally  par  ascend  rivers,  being  found  in  localities 
above  where  any  breeding  salmon  have  been  seen.  I  have  received  one  of  a  large  size  which  was 
taken  in  Wales  above  a  cascade  up  which  sea-trout  were  known  to  ascend,  but  where  salmon  had 
never  been  seen. 

%  Davy,  Physiological  Eesearchcs,  1843,  p.  250,  suggested  "that  the  young  rernain  in  fresh 
water  until  they  have  acquired  not  only  a  certain  size  and  strength,  but  also  additional  scales, 
fitting  them  in  their  smolt  stage  to  endure  without  injury  the  contact  of  the  saline  medium." 
Dr.  Davy  considered  the  scales  of  the  smolt  to  be  new  productions,  not  mere  alterations  of  the 
former  scales  [Angler  in  the  Lake  District,  p.  209).  Coucli,  in  1865,  demurred  to  such  an  opinion, 
observing  that  the  silvery  colour  of  smolts  is  not  due  to  their  acquiring  additional  scales,  but 
owing  to  a  deposit  of  bright  soft  matter  which  shines  through  the  transparent  scales.  Dr.  Giinther 
(Introduction  to  the  Study  of  Fislics,  1880,  p.  632)  remarked,  respecting  the  river-trout,  that  they 
"  frequently  retain  the  par-marks  all  their  lifetime  ;  at  certain  seasons  a  new  coat  of  scales  over- 
lays the  par-marks,  rendering  them  invisible  for  a  time,  but  they  reappear  in  time,  or  are  distinct 
as  soon  as  the  scales  are  removed.  When  the  Salmones  have  passed  this  par-stage  ...  a  new 
coat  of  scales  overlays  the  par-marks."  It  was  likewise  stated  in  one  of  the  conference  papers 
read  at  the  "  Great  International  Fisheries  Exhibition  "  in  1883,  that  the  young  of  the  true  Salmon 
"  do  not  venture  into  the  sea  till  another  skin  of  glistening  scales  has  been  formed  over  their  first 
skin.  They  then  receive  the  name  of  smolts.  If  put  into  salt  water  before  getting  this  silvery 
dress  they  die  "  (Salmon  and  Salmon  Fisheries,  by  D.  Milne  Holme,  p.  4). 

§  We  are  told  that  in  the  exodus  of  the  smolts  from  Stormontfield  in  1857  of  the  fry  of  1856, 
the  first  shoal  left  the  12th  of  April,  a  week  earlier  than  the  first  hatching  in  1854,  which  appeared 
to  be  owing  to  the  winter  of  1856-57  having  been  much  milder  than  that  of  1854-55  (Stormontjield 
Experiments,  pp.  61-63). 
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accuracy  of  ray  statement  of  this  being  tlio  case  has  l)cen  elialleugcd,  tlio  opinions 
of  various  observers  are  recorded  below.* 

*  Pennant,  Brit.  Zool.  iii,  p.  304,  remarking  on  the  samlet  said,  "  near  Shrewsbury  (where 
they  are  called  samsom)  they  are  found  in  such  quantities  in  the  month  of  September,  that  a  skilful 
angler,  in  a  coracle,  will  take  with  a  fly  from  twelve  to  sixteen  dozen  in  a  day."  INIr.  Young,  of 
Invershiu,  observed,  respecting  the  migration  of  smolts  being  generally  from  the  middle  of  April 
to  the  end  of  May,  continued :  "  oftentimes  their  migration  takes  i:)lace  earlier,  and  frequently 
later  in  the  year.  Late  migration  is  caused  by  late  spawning,  which  is  the  result  of  a  late  '  close ' 
time,  or  not  allowing  salmon  to  ascend  the  rivers  freely  in  the  early  autumn  months  "  (Book  of  the 
Salmon,  1850,  p.  19).  Shaw  [Edinburgh  New  Fhilosojyhical  Journal,  IH'Sit,  p.  91))  remarked  "  to 
enable  me  to  watch  the  progressive  growth  of  the  par,  I  caught  on  July  11,  lb;j3,  seven  pars.'' 
Parnell,  in  his  J\n.tay  on  tite  Fislies  in  the  District  oftlie  Forth,  183tj,  stated,  "  the  largest  specimen 
(Salmo  salmuluA)  I  have  met  with,  measures  DJ  in.  in  length.  It  was  taken  in  the  North  Esk, 
Forfarshire,  September,  1835,  by  James  Wilson,  Esq."  (p.  298).  Among  specimens  of  itar 
(S.  salmulns)  from  Parnell's  collection  is  a  skin  5i  in.  long,  taken  from  the  Cumberland  Esk  in 
the  month  of  August,  it  is  the  young  of  Salmo  i^alar,  while  there  are  likewise  some  similar  skins 
from  the  North  Esk  in  Forfarshire,  but  the  date  of  capture  is  not  recorded.  The  foregoing, 
however,  show  the  capture  of  salmon  smolts  in  the  Cumberland  Esk  in  August,  and  their  reported 
capture  during  the  same  month  in  the  Forfarshire  Esk.  Russel,  in  his  work  on  2'he  Natural 
History  of  the  Salmon,  1864,  observed,  "in  the  months  of  May,  June,  and  July,  full-sized  pars 
are  to  be  got  in  the  rivers,  but  in  numbers  much  smaller  than  in  either  the  preceding  or  the 
following  months  of  the  year  "  (p.  44)  ;  but  these  he  considered  did  not  descend  to  the  sea  during 
the  summer  season.  This  autumn  smolt  is  j^robably  the  form  referred  to  by  Thompson,  Natural 
History  of  Ireland,  1850,  vol.  iv,  p.  148,  who,  remarked  Mr.  Sinclaire,  "is  of  opinion  that  a 
small  fisii,  which  is  taken  in  rivers  during  every  month  from  March  to  November  inclusive, 
and  which  he  calls  the  par,  is  a  distinct  species."  Thompson  having  been  shown  some  of  these 
specimens,  considered  them  to  be  young  salmon.  Murie,  Proceedings  of  the  Zoological  Society, 
1870,  stated,  on  the  authority  of  Buckland,  that  "  there  is  good  evidence  of  a  second  migration  of 
smolts  in  the  month  of  September  "  (p.  42). 

In  the  second  volume  of  my  British  and  Irish  Fishes,  1882,  p.  69,  I  observed,  "  Years  ago, 
when  I  used  to  fish  in  the  Severn,  at  or  near  Shrewsbury,  we  knew  the  younger  stages  of  salmon, 
especially  the  March,  April,  and  May  shoals,  formed  of  the  par,  as  salmon  fry,  and  the  autumn 
smolt  as  the  samlet."  I  may  mention  that  those  were  times  prior  to  the  capture  of  these  young 
fish  being  stopped,  when  the  taking  of  i^ar  was  an  ordinary  amusement  for  the  fly-fisher.  We 
divided  the  "  salmon  fry  "  from  the  "  samlets  "  (for  my  especial  attention  had  been  directed  to 
this  subject  of  inquiry  by  the  late  Professor  Eymer  Jones,  when  lecturing  on  "  natural  history"  at 
Shrewsbury).  The  salmon  fry  were  the  fishes  which  constituted  the  great  seasonal  migration  during 
the  first  two  quarters  of  the  year,  and  were  of  diverse  sizes  ;  but,  about  September  or  October,  a 
second  appearance  of  these  finger-marked  fish  occurred,  comparatively  few  in  number,  but  as 
large  as  the  largest  of  the  earlier  migratory  "  salmon  fry."  They  were  rather  deeper  in  form 
and  stronger  when  hooked.  The  foregoing  was  not,  so  far  as  my  recollection  serves,  merely  a 
solitary  occurrence  about  Shrewsbury,  but  took  place  annually.  In  Salmon  Problems,  Mr. 
Willis-Bund  remarked  that  in  December,  1884,  he  found  a  few  samlets  in  an  afHuent  of  the  Severn 
descending  to  the  sea  ;  but  "  an  autumn  migration  of  smolts  is  a  thing  hardly  ever  heard  of; 
indeed,  its  existence  is  denied.     Yet,  here  it  was  ;  and,  but  for  the  merest  accident,  would  have 

passed  by  unrecorded The  importance  of  it  to  fishery  boards  is  considerable.     To 

give  an  instance.  They  have  power  to  make  bye-laws  to  determine  the  times  of  the  year  at 
which  gratings  shall  be  placed  at  the  head  of  channels  to  prevent  smolts  being  led  astray  on 
their  seaward  migration"  (pp.  9  and  10)  .  .  .  .  "If  there  is  such  a  thing  as  an  August 
migration,  equal  necessity  exists  for  maintaining  the  gratings  in  the  autumn  as  well  as  in  the 
spring."  Since  then  he  has  observed  that  "  the  water  bailiffs  who  declare  that  there  are  distinct 
kinds  of  samlets,  and  that  the  one  that  migrates  in  the  autumn  (they  now  say  they  have  noticed 
autumn  migrations  for  some  years)  is  a  distinct  kind  of  salmon  from  the  small  smolt  which 
migrates  in  the  spring"  (January  5th,  1886). 

In  Professor  Huxley's  Report  on  the  Salmon  Fisheries  for  1884,  when  referring  to  the 
migration  of  smolts  in  the  Severn,  and  the  time  for  retaining  gratings  at  the  canal  feeder  at  Aber- 
tanat,  it  is  observed  :  "  The  period  from  Feb.  14th  to  May  31st  was  agreed  upon  as  the  'smolt 
season,'  during  which  the  narrow  grating  was  to  be  retained."  He  also  referred  to  Mr.  Fryer's 
report,  wherein  it  was  remarked  of  the  period  "  when  the  smolts  are  in  the  river.  At  such  time, 
however,  there  are  no  leaves  falling  "  (page  12). 

The  foregoing  extracts  would  seem  to  clearly  show  that  neither  the  Inspector  of  Fisheries 
nor  his  assistant  had  the  slightest  idea  of  there  being  any  autumn  migration  of  smolts  in  the 
Severn ;  but  now  attention  has  been  directed  to  the  subject,  because  the  chairman  of  the  Severn 
Fishery  Board  had  witnessed  such  an  occurrence,  and  naturally  inquired  whether  such  is  or  is 
not  normal  ? 

A  correspondent  of  Land  and  irdfer  (February  21st,  1885)  observed:  "During  last  autumn 
in  the  Severn,  or  rather  one  of  its  tributaries,  when  the  first  autumn  floods  came  down,  and  they 
were  unusually  late  this  year  in  the  Severn  district,  and  the  eel-nets  and  eel-traps  were  set  to 
intercept  the  usual  migrations  of  eels  seaward,  there  were  caught  among  the  eels  in  the  Teme  a 
number  of  smolts,  not  samlets,  but  fully  developed  silver-scaled  smolts.  This,  however,  is  the 
first  instance  recorded  of  the  existence  of  smolts  in  the  Severn  or  Teme  at  this  late  period  of  the 
year — the  beginning  of  December." 
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The  smolt,*  as  Old  Log  observed  in  tlae  Field,  January  24th,  1885,  goes  out  to 
sea  on  the  autumn  floods,  returning  next  year  as  grilse.  But  they  also  descend  to 
the  salt  water  during  other  months  in  the  year.  When  at  Montrose  at  the  end 
of  June,  1882,  1  saw  several  smolts  taken  from  the  stomach  of  a  saithe,  Gadus 
virens,  captured  in  the  sea  a  couple  of  miles  from  the  coast.  A  similar  occurrence 
was  noticed  at  the  same  place  in  December,  1881,  the  fish  which  had  eaten  the 
smolt  being  a  whiting.  When  at  Aberdeen  in  July,  1882,  Mr.  Sim  showed  me  some 
smolts  similarly  procured  from  the  stomach  of  a  marine  fish.  In  fact  this  has 
been  observed  at  different  localities,  proving  conclusively  that  the  migratory 
smolt  passes  into  the  ocean. 

It  has  been  asserted  that  while  these  fish  retain  the  par  livery  they  are  unable 
to  live  in  salt  Avater,  and  that  on  some  being  so  transferred  they  at  once  died  and 
became  of  a  beautiful  carmine  colour,  but  such  does  not  appear  to  be  invariably 
the  case,  as  was  shown  by  Mr.  Francis  Francis,  who  observed  in  The  Field,  May 
10th,  18/9,  that  at  the  Brighton  Aquarium  about  twenty  small  salmon  par  were 
placed  in  a  fresh-water  tank,  and  in  the  next  May,  about  eight  months  after  they 
had  been  received,  most  commenced  to  assume  the  smolt  livery,  but  four  remained 
golden  pars.  Salt  water  was  gradually  introduced,  but  this  did  not  prove  fatal 
to  the  pars,  as  it  had  been  feared  it  might,  while  the  smolts  became  rampant  with 
pleasure  as  the  water  became  more  and  more  salt.  When  no  fresh  water  remained, 
the  pars  began  to  assume  the  smolt  livery,  and  the  change  was  described  as  being 
truly  marvellous.  They  ate  five  times  as  much  as  previously,  were  in  incessant 
and  rapid  motion  all  day,  and  their  growth  became  perfectly  astonishing.  Curiously 
enough,  there  was  at  the  time  among  them  a  common  trout.  He  too  took  to  the 
salt  water  very  kindly,  and  fed  smartly  and  grew  very  rapidly. 

Sm.olts  that  have  descended  rivers  have  been  shown  to  re-ascend  as  grilse, f 

II.M.  Inspector  of  Fisheries  for  1885  now  joined  in  and  asserted  that  having  inquired  respect- 
ing this  subject  "  the  answer  was  more  or  less  in  the  negative  from  every  district  exccirf  the  Dee, 
the  Seiont,  the  Wye,  the  Avon,  the  Erne,  the  Trent  and  the  Severn"  (Annual  Report  for  1885, 
p.  4)  ;  conchiding  with  the  novel  observation  and  interesting  ai:iplication  thereof  that 
"  one  swallow  does  not  make  a  summer,  and  care  should  be  taken  not  to  assume  a  general  fact 
from  isolated  instances."  Since  then  the  Chairman  of  the  Severn  Fishery  Board  marked  about 
two  dozen  smolts  one  day  in  October  1886.  The  water  bailiffs  consider  the  samlets  which  migrate 
down  the  Teme  in  the  autumn  to  be  a  distinct  kind  of  fish  from  the  salmon  fry  that  migrate  in 
the  spring,  or  the  same  idea  which  prevailed  many  years  ago  higher  up  in  the  Severn. 

*  Scotus  remarked.  Land  and  Water,  "  I  have  seen  them  on  a  fine  spring  morning  going  down 
the  slack  water  in  shoals  of  eight  or  ten  head  first,  going  about  twice  as  fast  as  the  water  that 
they  might  breathe.  I  have  no  doubt  but  that  in  four-mile-an-hour  water  they  go  tail  first.  They 
are  safer,  and  if  the  water  was  running  four  miles,  except  they  went  six  or  eight  miles  an  hour, 
they  could  not  breathe.  When  the  river  is  small  and  clear  I  have  never  seen  smolts  running  down 
during  the  daytime,  only  early  in  the  morning,  just  about  sun-rise.  No  doubt  when  the  river  is 
coloured  they  run  all  day."  "  In  some  waters,  as  where  they  are  quick  and  rough,  smolts  have 
been  observed  to  descend  tail  first,  but  in  smooth  slow  water,  as  a  mile  an  hour,  they  have  been 
seen  to  go  down  head  first." 

Owing  to  certain  legal  jiroceedings  two  individuals  acquainted  with  fish  or  fisheries,  were  deputed 
in  1809  to  examine  into  the  migrations  in  the  Tay  of  smolts  seawards,  and  the  results  arc  given  in  detail 
in  the  Report  of  the  Fish.  Committee  for  1824.  It  seems  they  inspected  the  whole  stake  nets  in  which 
they  never  found  either  salmon  fry  or  small  fish  of  any  kind  except  flounders,  but  saw  a  large  quantity 
drawn  ashore  at  Stockgreen  by  the  nets  used  in  the  net-and-coble  fishing.  Below  Carpow  bank  they 
found  no  salmon  fry,  although  they  fished  the  river  with  the  small  meshed  nets  both  in  the  eddy 
water  and  in  the  stream,  and  never  found  them  in  the  spirling  nets  although  it  is  believed  some  fry 
descend  in  April  while  spirlings  are  being  taken.  They  saw  the  fry  in  the  Tay  first  on  April  28th, 
immediately  below  Perth,  in  thousands,  and  found  them  downwards  all  the  way  till  within  half  a 
mile  above  the  junction  of  the  Earn  with  the  Tay.  At  high  water  and  at  the  first  of  the  flood, 
the  fry  were  observed  in  the  easy  water  near  the  side  of  the  river,  and  when  the  tide  ebbed,  they 
appeared  to  go  into  the  current,  and  the  last  fry  which  they  caught  with  the  net  in  going  down 
the  river  was  in  the  channel  opposite  to  Carpow  bank,  from  which  point,  down  to  below  Broughty, 
trials  were  made  in  every  j^art  of  the  Tay  for  salmon  fry  but  none  were  found.  Every  means  were 
employed  to  capture  them  in  deep  water  between  high  and  low  water-mark,  but  without  success, 
and  one  of  the  men  considered  that  the  surf  or  agitation  of  the  water  between  high  and  low  water- 
mark in  the  Frith  compels  them  to  go  into  deep  water,  and  the  swell  in  the  deep  water  forces 
them  to  go  deeper  down. 

t  Fraser,  On  the  Salmon,  dr.,  1833,  pp.  15, 16,  remarked  :  "  In  April  (1825)  I  marked  several  of 
the  fry  (of  the  salmon),  and  only  one  of  them  came   to  my  hands  in  July.     Two  of  them  were 
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altliou,c:li  some  excellent  observers  are  still  disinclined  to  believe  that  it  is  possible 
these  iish  can  increase  so  rapidly  in  size  that  one  descending'  in  May  a  few  ounces 
in  weight  could  bo  capable  of  returning  within  two  or  three  months  as  a  4  lb.  or 
5  lb.  grilse.  But  it  is  not  impossible  that  as  we  see  differences  in  the  periods  of 
descent  of  smolts,  so  some  may  return  in  one  season,  the  remainder  in  tlio 
succeeding  year.*  It  is  remarkable  that  grilse  do  not  commence  ascending  until 
two  or  three  months  subsequent  to  the  descents  of  smolts,  whereas  had  they 
been  upwards  of  a  year  in  the  sea  it  would  appear  strange  Avhy  some  few  at  least 
had  not  previously  put  in  an  a{)pcarance,  this  invariable  absence  from  the  nets 
almost  seeming  to  point  out  the  probability  that  they  arc  entirely  absent. 

It  has  been  maintained  that  grilse  are  a  distinct  species  of  the  SalmonidiB,  but  at 
Howietoun,  as  I  shall  have  to  observe  under  the  head  of  "  salmon  raised  in  fresh 
waters,"  the  par  turned  to  smolts,  and  subsequently  to  grilse, f  and  from  these  last 

however,  caught  about  the  same  time  at  Inverness  by  Mr.  Hutchinson,  and  each  weighed  about 
5  lb.  In  the  river  Berridale,  in  Caithness,  Mr.  Alexander  Morrison  in  the  year  1794,  in  the  month 
of  May,  marked  five  smolts  or  salmon  fry,  in  such  a  manner,  that  if  ever  any  of  them  returned 
to  the  river,  and  were  caught,  no  doubt  could  remain  as  to  their  being  of  the  number  so  marked. 
Two  of  these  smolts,  then  become  grilse,  he  caught  in  six  or  seven  weeks  after  thoy  had  been 
marked,  when  they  weighed  about  3^  lb.  each.  In  April  following,  he  caught  another  of  the 
number,  then  a  salmon,  which  weighed  between  7  lb.  and  8  lb. ;  and  in  the  month  of  August  he 
caught  a  smolt  weighing  8  lb."  He  also  stated :  "I  ascertained  by  experiment  that  a  grilse  which 
weighs  6  lb.  in  February  after  spawning,  will,  on  its  return  from  the  sea  in  September,  weigh  131b." 
(p.  13). 

Sir  W.  Jardine  writing  in  1835  respecting  the  fisheries  in  Sutherlandshire,  in  the  Edinhurgh 
New  PliilosophicalJournal,  T}.  47,  observed:  "Last  spring  several  thousands  of  fry  were  marked 
in  the  different  rivers,  among  others,  by  Mr.  Baigrie,  in  the  Laxford  and  Dinard,  on  the  west 
coast.  In  the  Laxford,  the  first  grilse  (marked  iir  April  as  fry)  returned  on  the  25th  June,  and 
weighed  3 J  lb.  Many  others  were  got  during  the  season  from  this  weight  to  6i  lb.,  returning  to 
the  rivers  where  the  fry  were  marked,  which  was  known  by  a  particular  mark  being  used  in  each, 
and  showing  that  a  return  to  their  breeding-ground  was  as  frequent,  or  rather  as  constant,  as 
among  the  higher  animals." 

Mr.  Young  of  Inrernliin,  in  1843,  observed  that  "in  the  months  of  April  and  May,  1837,  he 
marked  a  great  number  of  the  descending  smolts  by  making  a  peculiar  perforation  in  the  caudal 
fin  with  a  pair  of  small  nipping  irons  constructed  for  the  purpose :  and  in  the  months  of  June 
and  July  he  caught  a  considerable  number  on  their  return  to  the  rivers,  all  in  the  state  of  grilse, 
and  varying  from  3  lb.  to  8  lb.  according  to  the  length  of  sojourn  in  the  sea.  Again  in  1842 
similar  experiments  led  to  similar  results.  In  the  Tweed  numbers  of  smolts  have  been 
marked  by  a  silver  wire  having  been  passed  through  and  fastened  to  the  back  part  of  their 
tails.  None  were  obtained  the  same  year,  but  the  experiment  was  repeated  the  succeeding 
season,  and  several  were  taken  as  grilse.  The  Duke  of  Roxhurghe,  on  May  14th,  1855,  had  a 
smolt  marked  by  the  insertion  of  a  peculiar  shaped  wire  through  its  gills  ;  it  was  retaken 
July  21st,  1856,  as  a  grilse,  weighing  G^  lb.  Brown,  Stornwntfiehl  Experiments,  remarked  that  in 
May,  1855,  1300  smolts  were  marked  at  Stormontfield  by  cutting  off  the  adipose  fin,  and  22  were 
recaptured  as  grilse  the  same  summer,  the  first  on  July  7th,  1855,  when  it  weighed  3  lb. ;  one  on 
the  20th,  51  lb.,  24th,  5  lb.,  30th,  7^  lb.,  31st,  O^lb.,  August  4th,  7^  lb.,  and  on  the  14lh,  8  lb. 

Those  left  in  the  pond,  continued  Mr.  Brown,  though  healtJiy  at  the  end  of  the  year  had  not 
increased  in  size  very  much,  many  male  pars  were  full  of  milt  and  some  of  the  fry  were  very 
small,  not  being  much  above  three  or  four  inches  in  length  (pp.  49,  51).  Also,  that  in  1859  "  the 
first  marked  grilse  was  taken  six  weeks  after  leaving  the  ponds,  and  had  increased  from  not  more 
than  1  oz.  or  1.^  oz.  to  3  lb.  3  oz."  (p.  78).  That  "the  experiments  here  have  shown  that 
marked  grilse  of  one  year  return  as  salmon  the  next :  that  all  the  smolts  of  one  year  do  not 
return  the  same  year  as  grilse,  the  one  half  returning  next  spring  and  summer  as  small  salmon" 
(p.  92,  93). 

*  Buckland  (Nov.  9th,  1879)  remarked  that  in  his  opinion  some  may  return  to  the  river  the  same 
year  they  go  down  as  smolts,  but  that  some  stay  one,  if  not  two  years  in  the  sea.  "  Grilse  have 
even  been  captured  of  the  extraordinary  weight  of  14  lb.  Such  a  striking  augmentation  of  size  has, 
in  all  probability,  resulted  from  the  operation  of  several  causes.  A  longer  stay  than  usual  on  the 
feeding-grounds,  or  a  richer  and  more  abundant  supply  of  food,  would  have  a  marked  effect  in 
the  acceleration  of  growth.  Other  causes  on  the  contrary  may  tend  to  retard  their  natural 
development.  It  is  not  unlikely  that  grilse  leave  the  sea  in  shoals  on  their  return  to  the  fresh 
water.  On  such  a  supposition  it  is  easy  to  understand  how  straggling  fish  may  return  in  their 
company,  which  have  not  been  on  the  feeding-ground  more  than  one-hali.  of  the  time  which  the 
shoal  itself  has  spent  in  the  ocean.  To  such  circumstances  the  small  size  of  occasional  grilse  of 
only  a  single  pound  in  weight  may,  with  much  probability,  be  ascribed"  (Ramsbottom,  On  t]ie  Salmon, 
1854,  p.  22). 

t  Br ov^B,  Stormontfield  Experiments,  observed  that  "  these  experiments  have  shown  that  smolts 
were  caught,  marked  as  grilse  the  first  season,  and  salmon  the  second  "  (p.  94).    Ramsbottom, 
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eggs  have  been  obtained,  and  young  in  the  form  of  salmon  par  have  since  been 
raised.  It  has  also  been  advanced  that  grilse  cannot  be  young  salmon,*  ignoring 
the  fact  that  only  in  salmon-rivers  are  there  true  grilse,  and  wherever  they  exist 
there  also  are  salmon.  Now,  although  it  has  been  shown  that  grilse  may  be 
reared  from  salmon  eggs,  still,  it  has  been  pointed  out  that  salmon  and  grilse  of 
the  same  size  can  readily  be  distinguished  one  from  another.  In  the  evidence 
taken  before  a  Committee  of  the  House  of  Commons,  in  1824,  Mr,  Johnstone 
stated  the  difference  between  a  grilse  and  a  salmouf  to  be  as  follows: — "  The  grilse 
is  a  much  less  fish  in  general,  it  is  much  smaller  at  the  tail  in  proportion,  and  it 
has  a  much  more  swallow  tail,  much  more  forked  ;  it  is  smaller  at  the  head,  sharper 
at  the  point  of  the  nose,  and  generally  the  grilse  is  more  bright  in  the  scale  than 
the  salmon." 

Doubtless  there  is  a  difference  in  the  appearance  of  a  small  salmon  and  a  grilse 
of  the  same  size,  but  such  is  probably  due  to  the  former  from  some  cause  not 
having  got  into  condition  and  so  lost  a  season.  That  grilse  frequently  re-ascend 
rivers  at  irregular  periods  has  been  constantly  observed,  J  while  they  have  also 
been  entirely  absent  for  a  whole  season,  as  in  1867,  as  has  been  already  remarked 
(see  page  72). 

At  p.  71  I  have  recorded  the  captures  made  by  anglers  in  the  Shin,  which  tend 
to  show  that  grilse  commence  running  up  the  river  at  the  end  of  May  or  commence- 
ment of  June,  while  the  greatest  number  ascend  in  July,  after  which  there  is  a 
decrease.  The  p.verage  weight  of  each  fish  captured  in  the  various  months  in 
1886  were  as  follows : — February,  salmon,  9  lb. :  March,  II  lb.  :  April,  13  lb.  : 
May,  I2i  lb. ;  June,  14  lb. :  July,  12|  lb.  :  August,  10  lb.  :  while  September  was 
not  fished.  Of  grilse  the  average  weights  of  fish  were  in  May,  3  lb. :  June,',4|  lb. : 
July,  5|  lb. :  August,  6  lb. :  September  not  fished.  These  figures  agree  to  a  con- 
in  1859,  deposited  18,000  salmon  ova  at  DoohuUa,  they  hatched  in  February,  1860,  only  a  few 
were  ready  for  sea  when  about  thirteen  months  old,  the  great  majority  migrating  at  twenty-seven 
months  old,  they  stayed  from  thirteen  to  fifteen  months  at  sea,  when  they  returned  as  grilse  at 
two  years  and  four  months  old  (Fish  Culture,  by  Francis  Francis,  1865,  Appendix,  page  311). 

*  In  1860,  Mr.  Mackenzie,  when  publishing  his  father's  treatise  on  the  Salmon  Fishery  of 
Scotland,  did  not  accept  the  view  therein  held  that  the  grilse  was  a  young  salmon,  but  gave  his 
reasons  in  an  appendix  under  the  title  "  do  grilse  grow  to  be  salmon  ?  "  And  he  asserted  that  they 
did  not,  that  "  its  instincts  in  some  respects  are  different,  though  its  habits  are  precisely  the  same." 
His  arguments  being  that  the  salmon's  instinct  impel  them  to  ascend  rivers  in  winter  and  spring, 
but  the  grilse  do  not  leave  the  sea  for  the  fresh  waters  until  the  summer,  one  in  short  being  a 
spring,  and  the  other  a  summer  fish.  That  salmon  and  grilse  do  not  spawn  promiscuously  ;  and 
when  the  grilse  appear  in  May  or  June,  their  roe  is  in  precisely  the  same  stage  of  growth  as  in  the 
salmon  when  they  appear  in  rivers  in  January,  but  as  they  spawn  about  the  same  time,  it  shows 
that  the  roe  of  the  grilse  requires  only  half  the  time  which  that  of  the  salmon  requires  to  bring  it 
to  maturity.  Also,  that  grilse  in  May  weigh  from  3  lb.  to  to  5  lb.  ;  in  July,  from  10  lb.  to  12  lb. ; 
and  instead  of  finding  them  in  August  and  September  16  lb.  or  20  lb.,  which  would  be  natural  if 
they  continued  to  grow  in  order  to  become  salmon,  they  apparently  begin  to  grow  backwards, 
as  in  October  they  are  as  small  as  in  May.  The  river  Shin  produces  salmon,  but  very 
few  grilse ;  the  Oykell  few  salmon,  but  shoals  of  grilse.  The  tail-fin  of  a  grilse  tapers  off  to  a  finer 
edge  than  in  the  salmon.  A  Committee  of  the  Commissioners  of  the  river  Tweed,  ignoring  some 
of  the  experiments  previously  conducted  in  that  river,  reported  in  1863,  as  follows: — "  Our 
opinion  from  the  experience  of  the  last  twenty  years,  is,  that  grilse  never  become  salmon  at  any 
stage  whatsoever." 

t  Fraser  (/.  c,  p.  37)  observed,  "  A  large  grilse  is  a  breeder  the  first  season.  A  small  salmon 
may  be  of  the  same  age  with  the  large  grilse,  but  it  has  never  spawned,  owing  to  its  not  getting  in 
its  season  to  the  proper  feeding-ground,  and  before  the  young  fish  it  feeds  upon  have  grown 
strong  and  left  the  ground.  These  (salmon)  fry  not  only  lost  the  season,  but  lost  their  ordered 
food,  and  are  only  in  condition  to  return  to  rivers,  some  early  and  some  from  first  to  last  of  every 
season."  Professor  Brown-Goode  (Natural  History  of  Aquatic  Animals,  p.  474)  observed  of  the 
grilse  and  adolescent  salmon,  that  the  two  may  be  easily  distinguished,  even  though  both  should 
be  of  the  same  size  as  not  infrequently  happens.  "  The  male  grilse  is  sexually  mature,  but  not  so 
the  female  in  America  ;  in  Europe  the  same  is  claimed  for  the  male  par  and  the  female  grilse  " 
(smolt). 

+  Mr.  J.  Miller,  Land  and  Water,  May  10th,  1879,  reported  on  having  caught  in  1879,  four 
grilse  weighing  20^  lb.,  all  in  the  scale  together,  the  largest  5.^  lb.,  the  smallest  4  lb.  These 
Galway  grilse  were  ascending  at  the  latter  end  of  April,  and  such  an  early  run,  it  was  supposed, 
had  not  happened  for  twenty-five  years,  the  main  run  generally  occurring  in  May  and  June. 
In  1881,  the  first  grilse  in  the  Forth  was  recorded  on  June  28th,  but  in  1882  they  were  a  week 
later. 
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siderablo  extent  with  tlioso  given  by  Russcl  for  the  fisheries  of  the  Tay  (see  p.  71), 
and  tend  to  show  that  in  the  Shin  the  grilse  whicli  first  ascend  in  May  are  the 
Bmallest,  but  that  they  gradually  increase  in  weight   until  September,  when  the 

fishing  ceases.* 

I  have  endeavoured  to  trace  in  the  preceding  pages  how  the  grdso  arc  sprung 
from  salmon,  that  from  their  eggs  salmon  par  are  produced  indistinguishable  from 
those  raised  when  both  parents  had  been  large  salmon.  These  grilse  return  to  the 
sea  as  grilse-kelts  and  re-appear  in  our  rivers  as  salmon. f  _ 

As  to  the  rapidity  of  growth  in  salmon,  various  experiments  have  been  insti- 
tuted in  ditiercnt  localities  which  would  tend  to  the  conclusion  that  generally  it  is 
rapid.  But  for  the  purposes  of  observation  on  this  point  there  have  been  two 
classes  of  fish  marked,  kelts  which  were  out  of  condition  and  grilse  or  salmon  in 
good  condition.  It  must  be  evident  that  in  the  first  set  of  experiments  consider, 
able  allowance  has  to  be  made  for  the  fishes  getting  again  into  condition. 

It  seems  from  investigations  made  in  various  places  (sec  p.  79)  that 
undoubtedly  some  salmon  do  not  breed  every  year,  in  fact  if  this  were  the  invariable 
rule  it  would  be  impossible  that  any  clean  ones,  unless  possibly  as  small  grilse, 
could  be  captured  during  the  mouths  of  July  and  August.;}: 

*  From  the  above  notes  in  the  Hotel  record  to  which  I  was  allowed  access,  I  found  that  during 
the  season  of  1883,  the  salmon  taken  had  an  average  of  12  lb.  per  tish:  in  1881,  nearly 
13  lb. :  in  1885,  about  13^  lb.  :  and  in  1886,  about  12^  lb.  While  the  grilse  in  1883  averaged 
nearly  6^  lb.  :  in  1884,  6  lb.  :  in  1885,  5«  lb.  :  and  in  1886,  5  lb. 

t  Mr.  Mackenzie,  Second  Parliamentary  Report,  p.  21,  stated  that  in  March,  1823,  he  marked 
a  grilse  kelt  of  3^  lb.  weight  with  a  brass  wire,  and  caught  it  again  in  March,  1824,  then  a  salmon 
of  7  lb.  weight.  A  fish  which  weighed  3i  lb.  as  a  kelt  ought  to  weigh  5  lb.  or  6  lb.  when  in  good 
condition  again,  so  this  instance  is  hardly  one  which  leads  to  the  inference  of  rapidly  increasing 

Mr!  Fraser,  On  the  Salmon,  &a.,  1833,  pp.  14-15,  observed  :  "  In  February,  1829,  I  marked 
several  grilse  after  spawning,  by  cutting  off  the  fin  above  the  tail.  On  the  1st  of  September 
following  I  caught  one  of  them,  which  then  weighed  13  lb.  On  the  10th  of  the  same  month  I 
cau'^ht  another  weighing  14  lb. :  both  were  very  fine  salmon  and  charged  with  spawn.  None  of 
these  could  weigh  above  5  lb.  or  6  lb.  at  the  time  I  marked  them  ;  they  were  taken  very  near  the 
"round  where  they  were  marked.  In  February,  1830,  I  tied  a  wire  round  the  tail  of  some  grilse 
returning  to  the  sea,  and  only  one  of  them  came  to  my  hands  in  the  following  August.  Macleod 
of  Macleod,  Mr.  Fraser  of  Culduthell,  and  other  gentlemen  saw  this  salmon,  and  the  mark 
produced  on  it  by  the  wire.  Mr.  Mackenzie  of  Ardross  tied  wire  round  the  tails  of  some  breeders 
returning  to  the  sea  in  March,  1824,  and  about  the  same  time  next  year,  in  March,  1825,  he 
caught  one  of  the  fish  thus  marked,  doubled  in  size,  and  the  wire  nearly  out  of  sight." 
Mr.  Young  stated  that  a  grilse-kelt  of  2  lb.  weight  was  marked  on  March  31st,  1858,  and  recaptured 
on  August  2nd  of  the  same  year  as  an  8  lb.  salmon.  Eamsbottoin  remarked  in  1854  that  "  the  Duke 
of  Athol,  when  Lord  Glenlyon,  captured  on  the  31st  of  March,  1845,  a  kipper  fish  of  10  lb. 
weight,  to  which  he  attached  a  zinc  ticket  for  the  purpose  of  ascertaining  the  amount  of  its 
increase  during  its  stay  in  the  sea.  In  less  than  six  weeks  it  was  again  caught  and  found  to  weigh 
21|  lb."     (In  this  case  we  are  not  informed  how  the  zinc  label  continued  legible  after  being  kept 

in  salt  water.)  ,     ,  „      •  •        . 

Mr.  Scrope,  in  his  work  entitled  Days  of  Salmon  Fishing,  1854,  gave  the  following  experiments 
as  having  been  made  in  the  river  Shin  in  Sutherlandshire  : — 

Weight  of  grilse  Date  retaken 

kelts  when  marked.  the  next  year.  Weight. 

Feb.   18th.— 4  lb June  23rd    .         .  9  lb. 

4  lb ,,     25th     .         .         11  lb. 

4  1b ,,     25th     .         .  9  1b. 

4  1b „     25th     .         .         101b. 

4  lb „     27th     .         .         13  lb. 

4  1b „     28th     .         .         10  1b. 

March  4th,— 4  lb July    1st      .         .         12  lb. 

4  lb  ....  ,,       1st      .         .         14  lb. 

''  12  1b „    10th      .         .         18  1b. 

4  1b „    27th      .         .         12  1b. 

In  1859  the  Duke  of  Athol  had  three  salmon  captured,  while  migrating  seawards,  weighing 
10,  11^,  and  12J-  lb.  respectively.  These  were  marked  by  a  copper  wire  being  placed  round  then- 
tails,  and  six  months  subsequently  they  were  recaptured  as  they  were  returning  to  fresh  water,  and 
their  weight  was  ascertained  to  have  augmented  to  17,  18,  and  19  lb.  respectively. 

+  Fraser,  On  the  Salmon,  &c.,  1833,  p.  17,  observed,  respecting  the  salmon  of  the  Ness,  that 
"  breeders  of  this  season,  after  remaining  all  summer  in  the  sea,  partly  return  as  breeders  in  the 
months  of  August  and  September  to  spawn  in  the  following  winter.  The  greater  part,  however, 
return  to  the  Ness  in  November  and  December,  barren   and  averaging  16  lb.  each  in  weight.' 
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Having  now  briefly  detailed  the  salmon's  history  from  the  egg  to  the  adult 
fish,  it  becomes  necessary  to  revert  to  those  forms  which  have  completed  their 
spawning.  Commonly  known  as  helts  or  slats,  or  if  males,  as  hippcrs,*  they  drop 
down  stream,  from  pool  to  pool,  in  a  very  thin  and  exhausted  condition,  the  males 
much  more  so  than  the  females.  However,  they  generally  remain  in  the  river  in  a 
debilitated  state,  feeding  upon  whatever  fish  comes  in  their  way,  not  rejecting  the 
young  of  their  own  species.  At  this  period  they  are  readily  captured,  and,  owing 
to  their  weak  condition,  very  prone  to  attacks  of  disease,  often  dying  in  vast 
numbers,  while  a  heavy  flood  carries  them  off  towards  the  sea,  but  as  a  rule  they 
continue  some  time  in  the  brackish  water  of  the  tideway  befoi'e  seeking  the 
ocean.  Although,  doubtless,  a  few  of  these  kelts  mend  in  the  rivers,  recovering 
their  silvery  lustre  prior  to  reaching  the  sea,  and  others  return  at  a  future  period 
in  a  healthy  state  from  the  salt  water,  it  seems  questionable  whether  too  many 
are  not  now  permitted  to  mend,  possibly  to  a  great  extent,  upon  the  salmon  fry, 
thus  reducing  the  amount  of  stock  in  the  river.  In  olden  times  fishermen  took 
all  spawned  fish  as  their  own  perquisites,  consequently  but  few  descended  to  the 
sea  in  some  rivers  :  also  poachers,  assisted  by  otters  and  other  vermin,  kept  the 
numlier  of  kelts  in  check. 

If  for  the  benefit  of  the  fishing  in  a  river,  it  were  deemed  advisable  to  permit  the 
capture  of  salmon  kelts,  such  would  have  to  give  rise  to  many  other  considerations. 
Were  it  legal  to  sell  them,  how  would  such  a  permission  end?  for  soon  grilse  kelts 
would  be  accused  of  occasioning  damage,  and  assuredly  their  capture  would  before 
long  be  legalized. 

These  concessions  granted  it  might  next  be  advanced  that  many  fresh-run  clean 
salmon  were  in  the  river  and  which  if  not  captured  would  be  lost  as  food.f  Still 
we  have  to  consider  facts  as  they  exist,  and  without  doing  more  than  just  touching 
on  this  subject  it  seems  as  if  it  might  be  divided  as  follows  : — That  the  salmon  sub- 
sequent to  the  spawning  season  becomes  sickly,  and  is  as  well  destroyed  as  kept ; 
and  while  mending  it  consumes  more  young  salmon,  trout,  and  other  fish  than  it 
is  worth  ;  that  possibly  kelts  might  be  eaten. 

After  spawning,  salmon  doubtless  become  exhausted  and  more  easily  sus- 
ceptible to  disease  and  capture,  and  it  has  been  proposed  to  kill  all  the  male  kelts 
from  the  commencement  of  February  ;  and  all  of  either  sex  from  the  commence- 
ment of  March.  Now,  although  there  can  scarcely  be  a  doubt  that  some  at  least 
of  the  kelts  return  to  riversj  after  recovering  their  strength  in  the  sea,  still  many 

He  continued  that  these  early,  clean,  and  barren  salmon  have  inside  them  several  grains  of  the 
ova  of  last  season  still  undischarged. 

*  The  hook,  or  kype,  in  the  lower  jaw  of  the  spawning  male  is  doubtless  the  origin  of  this 
term,  while  it  has  been  surmised  that  they  were  first  known  as  "  kipper  "  salmon.  Mr.  Dunbar 
Brander  remarked  {Field,  October  20th,  1886),  that  "A  kip-nosed  man,  in  Scotch,  means  a  man 
with  a  turned-up  pug  nose.  As  these  kip-nosed  or  kipper  fish  are  soft  and  flabby,  they  are 
generally  dried  and  smoked,  and  the  process  they  undergo  has  been  named  from  the  fish  that  are 
utilized  in  this  way.  It  is  almost  impossible  to  ci;re  and  dry  a  fresh-run  fish  during  March, 
April,  May,  and  June.  In  July  and  August  they  are  so  full  of  oil,  curd,  and  fat,  that  they  spoil 
in  the  process ;  but  by  the  month  of  October  the  fish  get  kip-nosed,  and  they  can  be  dried  and 
cured.  The  curd  and  oil  is  very  much  absorbed.  Eeference  to  a  Scotch  dictionary  will  show  that 
anything  turned  up  at  the  corners  is  said  to  be  '  kippered.'  " 

t  Such  arguments  as  the  following  would  soon  be  again  brought  forv/ajd,  that  "  another  cause 
of  disease  may  be  the  spring-run  fish  remaining  fully  a  year  in  the  river,  which  must  be  injurious  to 
them.  Could  all  these  early-run  fish  be  captured,  and  the  late  autumn  fish  strictly  preserved,  the 
markets  would  benefit  and  the  bi'eeding  stock  would  not  be  diminished."  Or  that  "  I  cannot  help 
thinking  that,  with  regard  to  kelts,  our  laws  might  be  revised  with  considerable  benefit  alike  to 
anglers  and  rivers.  Have  any  of  my  readers  ever  tasted  these  fish  when  well  made  up  ?  So  well 
mended  are  they  at  times  that  some  experience  is  positively  necessary  to  detect  them  when 
caught  from  new  fish.  I  have  tasted  them  ;  and,  although  I  do  not  pretend  to  say  they  are  equal 
in  delicacy  of  flavour,  yet,  as  respects  an  article  of  food,  they  are  perfectly  wholesome  and  good 
eating." 

X  It  has  been  shown  that  salmon  after  having  spaAAoied  die,  as  has  been  asserted  by  Stella, 
Pallas,  and  Sir  John  Richardson  when  writing  respecting  the  salmonoids  of  Kamtschatka  and 
North-Western  America.  Although  this,  no  doubt,  is  found  to  be  true  in  some  parts  of  the  world, 
it  is  not  invariably  so  here.  If  all  kelts  died,  how  could  grilse  or  even  male  par  which  have  been 
known  to  breed  ever  reach  salmonhood  ?     Still  many  old  kelts  Buccumb  from  exhaustion  and 
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observers  arc  of  opinion  that  tlicy  never  come  back,  consequently  as  mending  kclts 
tboy  have  been  consuming  food,  but  in  return  for  which  they  ^\■ill  not  suIjhc- 
quently  benetit  the  river.* 

Certainly,  were  all  the  salmon  kelts  destroyed  the  prol)al)ilitles  are  thai  iho 
breed  in  the  river  might  decrease  in  sizef  (see  p.  27),  but  that  the  destruction  of 
a  number  will  have  this  effect,  is  not  so  sure,  thus  during  the  winter  season 
of  1881-82  the  salmon  disease  seriously  affected  the  Tay  and  its  tributaries,  killing 
vast  numbers  of  kelts,  and  by  some  people  a  greatly  diminished  catch  was 
prognosticated  for  the  season  of  1882-83.  But  the  spring  and  summer  fishing  was 
faidv  favourable,:]:  while  in  August  there  was  a  large  increase  both  in  grilse  and 
Sainton  :  the  effects  of  the  mortality  seemed  to  show  itself  in  the  decreased  weight 
of  the  individual  salmon  and  the  paucity  of  exceptionally  heavy  fish,  none 
attaining  401b.  until  the  commencement  of  June.  This  would  go  towards 
favouring  the  contention  that  kelts  when  mended  do  return  to  the  river,  but  that 
a  great  cfcstruction  of  them  does  not  necessarily  involve  a  greatly  diminished  take 
of  salmon  the  ensuing  year. 

possibly  ulceration  of  the  snout  (see  ip.  57).  Buist  observed,  "A  few  years  ago  a  fine  male  of 
20  lb.  weight  was  used  for  spawning  purposes  at  Stormontticlds.  A  mark  was  put  on  him  by 
means  of  a  copper  wire  and  two  years  afterwards  he  was  got  when  nearly  30  lb.  weight  on  the 
same  ford,  and  at  the  same  season :  and  after  doing  duty  again  was  returned  to  the  river  hale 
and  strong,  but  he  was  not  traced  afterwards."  Also  instances  have  been  adduced  of  marked 
kelts  liaving  returned  to  the  same  river  (sff  p.  95).  A  correspondent,  "Blackwater  side,"  writing  m 
Land  and  Water,  May  28th,  1881,  remarked  "  that  in  the  Blackwater  we  have  a  class  of  fish  locally 
termed  '  retrievers  '  or  '  recruits.'  These  fish  have  the  remains  of  the  markings  generally  of  the 
male  kelts  and  the  hook  on  the  under  jaw  still  developed.  They  are  usually  in  company  with 
a  good  run  of  fresh  fish,  as  if,  having  been  down  to  the  sea,  they  met  a  number  of  old  friends 
rushing  up,  and  turned  back  with  them.  Some  of  them  have  been  so  short  a  time  in  salt  water 
that  the  remains  of  the  maggots  are  found  in  their  gills.  The  gray  or  '  harvest  fish '  of  this 
part  of  the  country  are  also  beyond  a  doubt  the  kelts  which  went  down  early  and  recovered  them- 
selves sufliciently  to  run  up  in  the  autumn  and  spawn  during  the  following  winter." 

*  "I  want  to  ask  your  correspondents,"  observed  a  writer  in  Land  and  Water  (November  IBth, 
1881),  writing  of  the  Tweed,  "  who  swear  salmon  kelts  return,  and  so  make  the  big  autumn  fish, 
how  is  it  that  for  the  last  three  winters  they  have  died  by  thousands,  and  yet  we  have  more  fish 
of  all  sorts,  and  more  big  ones  than  we  have  had  in  the  river  for  years,  and  there  are  hundreds, 
perhaps  thousands,  still  ascending  the  fords  every  day?  It  was  calculated  that  in  the  winter  of 
1879-80,  50,000  kelts  were  buried  or  washed  out  to  sea  ;  the  same  thing  happened  last  winter 
when  the  disease  was  worse  than  ever,  and  equally  as  many  died  (in  fact  I  stated  at  the  time  that 
it  was  worse  last  spring  than  was  ever  known),  and  thousands  were  washed  out  to  sea,  as  we  had 
two  very  big  floods  ;  one  the  biggest  since  the  year  1826,  and  in  spite  of  all  this  we  have  more 
fish  than  ever."  Another  correspondent  remarked  of  these  kelts  :  "  They  lie  helpless  in  the  river 
in  many  instances,  and  though  alive,  can  be  hooked  out  by  a  stick.  No  doubt  when  our  grand- 
fathers lived  on  acorns,  all  these  fish  were  taken  out.  They  are  diseased,  and  ought  to  be  killed, 
as  diseased  birds  and  animals  are  or  ought  to  be  killed.  It  is  all  very  well  to  talk  of  magnificent 
301b.  or  40  lb.  fish  if  kelts  are  preserved,  but  far  better  have  two  fish  of  15  1b.  than  one  fish 
of  301b.  When  a  salmon  is  over  201b.  he  begins  to  get  coarse,  and  a  401b.  fish  is  real  'old 
bull.'  No  man  who  has  the  pick  of  a  hundred  fish  would  select  one  over  18  lb.  for  his  own 
eatmg."  In  another  communication  to  Land  and  Water,  August  23rd,  1883,  it  was  observed, 
"  Kelts  were  killed  and  sold  previous  to  the  Act  of  1857,  and  no  one  was  ever  one  bit  the  worse, 
and  yet  they  are  now  supposed  to  be  unwholesome.  Surely  they  are  ten  times  better  than  a  fish 
covered  with  Saproletinia  ferax— in  one  case  the  fish  are  only  lean,  in  the  other  simply  rotten.  A 
kelt  is  not  unwholesome  ;  it  is  foul  and  unclean,  and  it  is  by  law  protected  in  the  hope  that  it  will 
return  from  the  sea  a  clean  fish.  Now  they  are  protected  every  way  for  no  purpose  whatever 
except  to  please  a  few  who  think  they  return,  and  the  whole  time  they  are  in  the  river  they  are 
destroying  smolts  and  spreading  disease." 

t  Arguments  condemning  the  slaughter  of  kelts  have  been  adduced,  thus  one  well-known 
author  protested  against  advocating  the  indiscriminate  destruction  of  salmon-kclts,  observing,  "If 
we  were  to  destroy  all  kelts  in  a  river,  where  are  the  large  fish  to  come  from  ?  The  natural  con- 
sequence of  such  a  proceeding  would  be  that  only  grilse  would  be  left,  and  these  fish  would 
be  on  their  second  run  from  the  sea  and  would  not  average  probably  8  lb.,  whereas  it  takes  years 
to  produce  the  noble  20  lb.  and  30  lb.  which  have  since  their  first  appearance  as  grilse  repro- 
duced their  species  yearly." 

+  ILM.  Inspector  of  Salmon  Fisheries,  Professor  Huxley,  in  July,  1883,  reported,  "Another 
very  singular  fact  which  has  been  brought  to  light  by  observation,  tliough  it  certainly  sounds 
paradoxical,  is,  that  even  a  violent  epidemic  of  disease  {Saproh'unia  ferax)  continued  for  several  years 
does  not  diminish  the  productiveness  of  a  river."  Trobably  the  reason  is  to  be  found  in  so  many 
kelts  falling  victims,  and  as  a  consequence  the  smolts  escape,  thus  it  will  possibly  augment  the  gross 
weight  of  the  cajitures,  although  it  may  be  more  or  less  fatal  to  the  presence  of  many  very  large  fish 
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An  experiment  of  permitting  kelts  to  be  destroyed  in  one  river  for  a  single 
year,  and  ascertaining  the  eflect  on  the  stock  of  salmon  and  grilse  the  sixcceeding 
season,  appears  well  worthy  of  a  fair  trial,  provided  such  could  be  done  without 
entailing  greater  difhculties  as  regards  the  disposal  of  the  captured  fish,  &c.  as  I 
have  already  pointed  out. 

It  has  likewise  been  proposed  that  people  should  be  permitted  to  kill  and  eat 
these  kelts,  which  otherwise  probably  become  lost  as  food.  But  prior  to  such  a 
proceeding  being  sanctioned,  it  might  not  be  amiss  to  inquire  whether  they  would 
be  wholesome.  Some  observations  tend  to  prove  that  occasionally  they  are  not 
so  ;*  while  it  must  be  evident  to  anyone  who  studies  our  fish  markets  that  a 
large  number  of  kippered  salmon  are  of  this  description  and  have  not  been 
accused  of  entailing  unpleasant  results. 

It  has  been  remarked  that  kelts  may  mend  in  fresh  water,  and  certainly 
they  must  do  so  in  the  land-locked  rivers.  Brown,  Stonnontfield  Experiments, 
pp.  Ill,  112,  recorded  that  a  male  kipper,  no.  78,  was  caught  April  1st,  1861,  by 
Mr.  Evans  above  Logierait :  it  weighed  I3|  lb.  ;  May  4th,  1861,  it  was  taken 
again  by  Mr.  Brown  on  the  Stanley  water,  and  weighed  IG  lb.,  having  evidently 
improved  in  condition  in  the  fresh  water. 

In  Parliamentary  language  the  terms  "unclean"  and  "unseasonable,"  as  well 
as  "  foul  "  fish  are  mentioned  and  their  destruction  prohibited,  but  much  discussion 
has  taken  place  concerning  the  meaning  of  these  phrases.  Probably  the  first 
decision  respecting  what  is  a  "clean"  or  "unclean"  salmon  was  given  in 
December,  1885,  by  Mr.  Fowler,  who  considered  that  a  "  baggit,"  or  gravid  but 
unspawned  fish,  comes  under  the  term  "  unclean." 

We  are  told,  after  the  penalties  for  taking  uncleanf  or  unseasonable  salmon 

*  Dr.  Oerald  Boate,  writing  from  Ireland  in  1645,  asserted  that  the  leprosy  was  caused  "  through 
the  foul  gluttony  of  the  inhabitants  in  the  unwholesome  devouring  of  foul  salmon  when  they  are 
out  of  season,  which  is  after  they  have  cast  their  spawn,  upon  which  they  do  not  only  grow  very 
weak  and  flabby,  but  so  unwholesome  as  it  would  loathe  any  man  to  see  them."  Buckhnid  related 
how  a  water-bailiff,  who  was  a  strong,  healthy  man,  ate  a  portion  of  one,  and  was  made  so  ill  that 
he  was  confined  to  his  bed  for  two  days. 

t  In  the  Report  of  the  Salmon  Commissioners  appointed  in  18G0  to  inquire  into  the  Salmon 
Fisheries  of  England  and  Wales,  and  consequent  upon  which  report  a  Salmon  Act  was  passed,  it 
was  observed  (p.  xvii),  "  With  reference  to  the  capture  of  unseasonable  fish,  whether  in  a  spent  or 
spawning  state,  when  they  are  unsuitable  if  not  unwholesome  for  food,"  i.e.,  clearly  showing  the 
views  they  held  on  the  subject.  Paterson  (The  Fishery  Laivs  of  the  United  Kingdom,  1863,  p.  274), 
referring  to  unclean  fish  in  Ireland,  gave  the  following  :  "  If  any  person  at  any  lime  wilfully 
take,  kill,  destroy,  expose  for  sale,  or  have  in  his  possession  any  red,  black,  foul,  unclean  or 
unseasonable  salmon  or  trout,"  Ac.  (13  and  14  Vic).  Here  it  is  evident  that  unspawned  fish  would 
come  under  the  head  of  unclean  fish.  Eussel  (The  Salmon,  18G3)  remarked  of  a  river  having  "  got 
rid  in  any  considerable  degree  of  the  foul  fish,  spawned  and  unspawned."  In  Chambers's 
Encyclopo'dia  (?  1865)  we  read,  "As  the  time  of  spawning  approaches  salmon  undergo  consider- 
able changes  of  colour,  besides  the  change  of  form  already  noticed  in  the  snout  of  the  male.  The 
former  brilliancy  of  the  hues  gives  place  to  a  general  duskiness,  approaching  to  blackness  in  the 
females,  much  tinged  with  red  in  the  males,  and  the  cheeks  of  the  males  become  marked  with 
orange  stripes.  Salmon  in  this  state  are  'foul fish,'  being  considered  unfit  for  the  table,  and  the 
killing  of  them  is  prohibited  by  British  laws."  The  Irish  Salmon  Fisheries  Act  enacts  that  if 
any  person  shall  take,  kill,  or  have  in  his  possession  "  any  red,  black,  foul,  unclean,  or  unseason- 
able salmon,"  such  person  shall  forfeit,  &c.  Oke,  Salmon  Fishery  Acts,  described  an  unclean  fish 
"  as  a  fish  that  had  not  migrated  to  the  sea  after  spawning."  "  A  Looker-on,"  in  The  Field, 
December  26th,  1885,  remarked,  "According  to  my  reading  of  the  law  the  term  (unclean)  included 
gravid  fish  that  are  about  to  spawn  as  well  as  spent  fish  that  have  spawned."  Mr.  Willis-Bund 
(Salmon  Problems,  1885)  defined  an  unclean  fish  as  one  "unfit  to  be  taken,  wherever  and 
whenever  caught,  even  if  during  the  open  season  ;  thus  a  kelt  would  be  an  unclean  salmon." 
Mr.  C.  Pennell  (Badminton  Series,  188ri,  p.  114)  observed  of  salmon  that  "  shortly  before  spawning 
and  whilst  returning  to  the  sea  as  kelts  or  spent  fish  salmon  are  unfit  for  food,  and  their  capture 
is  illegal."  The  Editor  of  Tlie  Field  remarked  respecting  unclean  salmon,  in  a  footnote 
(December,  1885),  that  "  we  are  inclined  to  think  that  it  is  an  open  question,  and  very  much  would 
depend  on  the  view  a  magistrate  took  of  it.  A  baggit  can  hardly  be  held  to  be  a  clean  fish — we  do 
not  consider  it  so — though  it  is  quite  possible  that  an  objection  might  be  raised  to  its  being 
held  to  be  a  foul  one."  E.  C.  T.  (Field,  December  2Gth,  1885)  observed  that  "  the  law  enacts  that 
all  fish  caught  by  rod  in  the  Aberdeenshire  Dee  up  to  October  31st  are  clean,  except  kelts  or  spent 
fish."  ..."  Females  full  of  spawn  are  killed  in  the  River  Dee  every  October  that  are  clearly  unfit 
for  food.  The  male  fish  also,  though  not  spent,  are  red  and  much  deteriorated  by  the  long 
sojourn  in  fresh  water.     They  also,  in  point  of  fact,  are  unclean." 
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have  been  enumerated,  that  an  exemption  is  mailo  in  favoui-  of  any  person  who 
takes  or  is  in  possession  of  such  fish  for  artificial  propagation.  Mr.  Paterson, 
in  his  woi-k  on  The  Fishery  Laws  of  the  United  Kiiujdum,  18G3,  pointed  out,_  wlien 
commenting  on  this  section,  that  the  joint  consent  of  the  owners  or  occupiers  of 
the  fishery  and  of  the  Board  of  Conservators  "  always  is  necessary  when  a  third 
party  takes  unclean  fish.  There  is  no  such  exemjjtion  as  to  fish  tliat  are  clean. 
Accordingly  we  must  conclude  that  the  Act  includes  nnspawncd  fish  in  the  term 
'  nnclean,"  or  else  that  the  only  legal  means  of  carrying  on  '  artificial  propagation' 
is  by  the  capture  of  kelts." 

Among  questions  of  practical  moment  among  those  relating  to  the  breeding  of 
salmon,  as  well  as  bearing  on  the  races  of  so-called  "  land-locked  salmon,"  is 
whether  Salmo  salar  can  be  permanently  retained  in  fresh  water*  without  ever 
descending  to  the  sea  ?  And  if  so  whether,  under  such  conditions,  it  would 
continue  its  race  ?  A  great  obstacle  in  coming  to  a  conclusion  on  this  point  has 
been  that  it  seemed  occasionally  to  be  doubtful  whether  in  the  recorded  instances 
of  such  having  been  successfully  accomplished  the  observer  referred  to  Salvio  salar 
or  to  a  sea  trout  ? 

Some  authors  have  held  that  could  salmon  migrate  from  rivers  into  large 
fresh-water  lakes  where  a  sufficiency  of  suitable  food  existed,  they  would  be 
able  to  return  to  the  streams  where  they  had  been  reared  as  well-developed 
salmon.  But  doubtless  the  generally  accepted  opinion  has  been  that  salmon,  if 
retained  in  freshwater  and  unable  to  migrate  to  the  sea,  do  not  increase  in  weight 
but  die  without  continuing  their  race.f  This  however  I  shall  be  able  to  show  is 
not,  under  favourable  circumstances,  a  necessary  result,  as  has  been  proved  by 
experiments  at  Howietoun,^  where  smelts  or  grilse  have  given  ova  without 
descending  to  the  sea,  and  from  which  par  have  already  been  reared. 


*  Dr.  Giintlier  (Catal.  vi,  p.  108)  observed,  "  We  have  no  evidence  whatever  that  a  migratory 
species  has  ever  been  changed  into  a  non-migratory  one;  and  persons  who  bring  forward 
instances  of  such  changes  having  taken  place  in  the  course  of  a  few  years,  must  first  prove  that 
they  have  correctly  determined  the  species  of  the  specimens  experimented  upon." 

t  In  1653  Izaak  Wahon  published  the  first  edition  of  his  Compleat  Angler,  whereni  the 
opinions  of  tlie  most  reliable  authors  of  previous  or  contemporary  times  on  salmon-breedmg  were 
condensed.  He  remarked  that  it  "  is  said  to  breed  or  cast  its  spawn  in  most  rivers  m  the  month 
of  August :  some  say  they  dig  a  hole  or  grave  in  a  safe  place  in  the  gravel  and  there  place  then- 
eggs  or  spawn,  after  the  milter  has  done  his  natural  office,  and  then  hide  it  most  cunningly  and 
cover  it  over  with  gravel  and  stones.  '  Kippers '  have  bony  gristle  growing  out  of  their  lower 
jaws,  and  may  live  one  year  from  the  sea,  but  pine  and  die  the  second  year.  Little  salmons 
called  '  skeggers,'  which  abound  in  many  rivers,  are  bred  by  such  sick  salmons  that  might  not  go 
to  the  sea,  and  though  they  abound  they  never  thrive  to  any  considerable  bigness." 

Willoughby  {De  Historia  Piscium,  1686),  quoting  a  communication  to  Gesner,  tells  us  that 
generally  about  the  end  of  November  salmon  ascend  for  breeding  purposes  up  rivers  to  their 
affluents,  where  the  eggs  are  deposited  and  the  young  born;  these  latter  are  termed  "  samlets, 
while  the  old  fish  descend  to  the  sea.  ... 

Eay  (Synopsis  Methodica  Piscium,  1713,  p.  63)  observed  that  sahnon  are  born  m  the  rivers, 
from  which  they  descend  to  the  sea.  ,    ,    ,    ^  t-,t-ii       1 1 

Pontoppidan  (Natural  History  of  Norway,  1755,  chap,  vi,  p.  131)  remarked  that  Willoughby 
"  also  confutes  Gesner's  opinion  concernmg  the  salmon's  breeding  in  the  sea  :  he  thinks  that  it  is 
done  in  fresh  water,  from  whence  they  afterwards  go  to  the  sea  ;  but  in  this  he  is  certainly 
mistaken.  The  salmon  unquestionably  breeds  in  the  sea,  though  it  is  not  entirely  to  be  denied 
but  that  they  may  sometimes  breed  in  rivers  also,  for  they  are  found  in  the  midst  of  Germany, 
and  upper  parts  of  the  Rhine,  about  Basel ;  but  we  are  very  well  assured  that  the  salmon  chiefly 
ejects  its  roe  at  the  mouth  of  rivers,  where  they  empty  themselves  into  the  sea,  or  a  little  way 
beyond,  in  the  salt  water,  in  this  manner  :  they  bend  themselves  crooked,  in  order  to  eject  the 
roe  at  an  aperture  under  the  belly,  and  in  the  meantime  they  stick  their  heads  down  in  the 
sand,  that  they  may  have  the  more  strength.  The  male  comes  presently  after,  to  keep  off 
other  fish  from  devouring  the  roe,  and  he  then  bends  his  head  towards  the  tail,  and  ejects  his 
sperm  upon  the  roe."  .   .  , 

1  Passing  over  the  various  authors  who  have  mostly  reproduced  the  opinions  of  those  who  have 
preceded  them,  we  come  toYarrell,  British  Fishes  (Edition  2)  ii,  p.  17,  who  tells  us  that  about  the 
end  of  1830  water  was  first  turned  into  a  certain  pond,  three  or  four  acres  in  extent,  situated 
in  Scotland,  and  in  April,  1831,  one  or  two  dozens  of  small  salmon  fry,  3  in.  or  4  in.  long,  were 
taken  out  of  the  river  and  turned  in.  In  1833  the  first  fishing  was  allowed,  and  several  salmon 
were  taken  with  the  fly  from  2  lb.  to  3  lb.  in  weight ;  all  were  perfectly  well  shaped  and  filled  up, 
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At  one  time*  the  searcli  for  roe  in  salmon  which  had  not  descended  to  the 
sea  was  energetically  carried  on,  but  latterly  appears  to  have  ceased ;  so  it  was 

of  tlie  best  salmon  colour  outside,  the  flesh  well-flavoured  and  well-coloured,  though  a  little  paler 
than  that  of  new-run  fish. 

Mr.  Upton,  in  the  autumn  of  1835  and  the  following  spring,  according  to  Yarrell,  transferred 
some  "  pinks,"  none  of  which  exceeded  3^  in.  in  length,  from  the  Lune,  to  a  lake  termed 
Lillymere,  and  which  has  neither  outlet  from  other  waters  by  which  fish  can  obtain  access,  or  any 
obtain  exit,  and  no  communication  with  the  sea.  In  August,  1837,  two  salmon  i^eal,  measuring 
14  in.  in  length  and  weighing  14  ounces,  were  taken  with  a  fly,  in  excellent  condition  in  every 
way,  and  in  July,  1838,  another  small  salmon  was  caught  equal  to  the  first  in  condition  and 
colour,  about  2  in.  longer  and  3  ounces  heavier.  A  "  pink"  was  transferred  to  a  well  at  White- 
well  in  November,  1837,  and  removed  thence  as  a  smolt  6^  in.  long  in  July,  1838.  These  and  other 
similar  instances  would  ajDpear  to  point  out  that,  as  in  the  trout  so  in  the  salmon,  the  larger  the 
extent  of  the  water  in  which  the  fish  resides,  so  much  the  more  probable  is  it  that  it  will  more 
rapidly  attain  a  large  size.  He  remarked  of  the  subject  under  consideration  that  "a  knowledge 
of  the  growth  of  young  salmon  in  a  fresh-water  lake  may  be  useful  to  those  gentlemen  who 
possess  lakes  near  salmon  rivers,  from  which  they  can  supply  them  with  pinks.  Whether  salmon 
thus  prevented  going  to  salt  water  will  still  retain  sufficient  constitutional  power  to  mature  their 
roe,  and,  by  depositing  it  in  the  usual  manner,  as  far  as  circumstances  permit,  produce  their 
species,  would  be  a  subject  worthy  of  further  investigation."     (L.  c.  (Ed.  2),  ii,  p.  16.) 

Knox  observed  in  the  Proceedings  Linnean  Society,  ii,  p.  358,  December  19th,  1854,  that  "from 
the  time  the  salmon  enters  the  fresh  water  it  ceases  to  feed,  properly  speaking,  although  it 
may  occasionally  rise  to  a  fly,  or  be  tempted  to  attack  a  worm  or  a  minnow,  in  accordance 
seemingly  with  its  original  habits  as  a  smolt.  But  after  first  descending  to  the  ocean  and  tasting 
its  marine  food,  it  never  again  resorts  to  its  infantile  food  as  a  constant  mode  of  nourishment. 
The  absence  of  this  marine  kind  of  sustenance  forms  an  insurmountable  obstacle  to  the  preserva- 
tion of  salmon  and  some  kinds  of  sea  trout  in  fresh-water  lakes." 

Bertram — observing  upon  having  been  present  at  Stormontfield  at  the  yearly  exodus  of  sniolts 
in  1861,  when  they  were  found  to  be  large  and  in  fine  condition — continued,  "  One  fish,  which  has 
been  detained  for  three  years  for  the  purpose  of  discovering  whether  the  species  will  grow  in  fresh 
water  without  being  permitted  to  visit  the  sea,  was  found  to  be  fully  twice  the  size  of  the  largest 
smolt"  {Harvest  of  the  Sea,  1865,  p.  110).  It  must  not  be  overlooked  in  experiments  of  this 
nature  that  the  extent  of  the  fresh  water  in  which  these  fish  are  confined  must  exercise  a 
considerable  influence  upon  the  result,  and  also  on  the  amount  and  suitability  of  the  food  which 
is  available  for  their  consumption. 

Buist  (1866)  published  a  letter  from  Mr.  G.  Anderson  of  Glasgow,  which  appeared  in  The 
Field,  June  20th.  With  it  he  sent  a  salmon  par  which  had  not  put  on  the  smolt  livery  and 
gone  to  the  sea  from  Stormontfields  at  the  2-year-old  migration.  It  was  long  enough  to  be  3  lb. 
in  weight,  and  only  weighed  1  lb.  Without  the  possibility  of  doubt  it  had  been  confined  to 
fresh  water  for  six  years,  and  where  a  sufficiency  of  food  existed. 

Dr.  Murie  in  Proc.  Zool.  Soc.  1868,  p.  249,  gave  an  account  of  some  Rhine  salmon  hatched  in 
the  Zoological  Society's  Gardens  in  1863,  and  which  lived  there  in  fresh  water  until  1868.  At 
the  usual  migration  period  of  May  in  1865  those  which  were  smolts  tried  to  escape  by  leaping 
out  of  the  tank,  while  it  was  remarked  that  such  as  had  assumed  the  silvery  smolt  livery  at  the 
beginning  of  the  year,  but  were  unable  to  go  to  the  sea,  lost  it  in  the  autumn,  when  they  again 
became  par-marked.  Only  two  lived  to  the  fifth  year.  These  fish  had  been  kept  in  a  compara- 
tively small  tank  with  a  stream  of  running  water,  a  subject  which  it  is  very  necessary  to  bear  in 
mind,  because,  although  here  they  were  subject  to  an  arrest  of  development,  such  may  have  been 
due  to  the  small  space  in  which  they  were  confined  or  the  limited  amount  of  water  which  they 
obtained,  irrespective  of  which  the  changes  of  temperature  may  have  been  considerable. 

Yarrell  (Groicth  of  SaMon  in  Fresh  Water)  remarked  "that  the  rate  of  gro^^•th  in  young 
salmon  has  some  reference  to  the  size  of  the  place  to  which  they  are  restricted,  receives  further 
confirmation  in  these  river,  lake,  and  well  specimens.  The  smolt  taken  from  the  well  in  July, 
1838,  where  it  had  been  confined  for  eight  months,  was  rather  smaller  in  size  at  that  time  than 
the  smolts  in  the  preceding  April,  though  both  were  pinks  of  the  same  year,  namely  1837.  The 
smolt  taken  from  the  lake  in  August,  1838,  which  then  measured  7^  in.,  had  also  grown  more 
rapidly  than  that  in  the  well,  but  had  not  acquired  the  size  it  would  have  gained  had  it  been 
allowed  to  go  to  sea.  Further  it  may  be  observed,  that  the  salmon  peal  from  the  lake  in  August, 
1837,  then  18  months  old,  though  perfect  in  colour,  is  small  for  its  age ;  while  that  of  July,  1838, 
or  29  months  old,  is  comparatively  still  more  deficient  in  growth,  supposing  both  fish  to  have 
resulted  from  pinks  of  the  year  1836,  and  put  into  the  lake  at  the  same  time;  of ^which  there  was 
no  doubt,  since  the  lake,  the  formation  of  which,  though  commenced  in  the  autumn  of  1835,  was 
not  finished  till  February,  1836,  soon  after  which  the  first  pinks  were  put  in." 

The  Duke  of  Buccleuch's  gamekeeper  at  Bowhill  was  for  some  years  in  the  practice  of  putting 
a  few  smolts  into  a  fresh-water  pond,  and  feeding  them  regularly  with  bullock's  liver.  He 
reported  that  the  smolts  which  grow  into  salmon  throve  for  about  three  years  and  then  died,  but 
that  bull-trout  smolts  kept  in  good  condition  for  a  longer  period. 

"  Into  a  deserted  stone-quarry  near  Coldstream,  filled  with  rain-water,  two  smolts,  about  3  in. 
long,  were  put  by  boys  out  of  mere  amusement.  One  of  these  grew  into  a  salmon,  which  when 
5  years  old,  weighing  1|  lb.,  was  caught  and  sent  to  Mr.  Stoddart  of  Kelso,  who  had  it  boiled  for 


SALMON— BREEDING  WITHOUT   GOING  TO   TUE   SEA.        JOl 

intended  at  Howlotoun  to  rc-ojicn  the  investigation  aftci*  an  interval  of  forty-five 
years.  But  as  it  was  not  iini)n)babIo  that  objections  Avouhl  bo  raised  were  younj^ 
fish  captured  in  the  rivers  used  for  this  purpose,  it  was  determined  to  rear  tho 
par  frona  the  eggs  and  ascertain  whether  the  smolts  and  grilse  thus  raised  would 
or  would  not  breed  in  fresh  water. 

In  such  investigations  as  those  which  I  am  about  to  detail  I  need  scarcely 
dilate  upon  the  necessity  of  first  being  absolutely  certain  respecting  the  species 
upon  which  these  experiments  are  made;  secondly,  on  thex'o  being  most  ab.solute 
segregation  of  the  eggs  and  young  from  those  of  all  other  foi-nis.  That 
segregation  is  complete  at  Howietoun  I  need  hardly  remark  upon  to  those  who 
have  visited  the  establishment. 

dinner.  He  reported  that  it  was  not  unpalatable.  The  other  smelt  grew  into  a  bull-trout  and 
lived  for  seven  years.  It  died  during  a  very  severe  winter  when,  on  account  of  the  water  being 
frozen,  it  could  not  be  fed." — Extract  from  Report  of  Experimental  Committee  to  the  Tweed 
Commissioners. 

Dr.  Giinther  {Introduction,  Study  of  Fish.  1880,  p.  G39)  considered  that  "the  question  of 
whether  any  of  the  migratory  species  of  Salinonidce  can  be  retained  in  fresh  water,  and  finally 
accommodate  themselves  to  a  permanent  sojourn  therein,  must  be  negatived  for  the  present." 
Up  to  1880  he  doubted  the  instances  of  successful  experiments  which  had  been  brought  forward, 
as  he  was  not  convinced  that  the  young  fish  introduced  into  ponds  were  really  migratory 
Salmo)iid<c  and  not  hybrids.  He  had  previously  recorded  {Fisherman'' s  Magazine,  i,  18G4,  p.  157) 
how  to  test  the  truth  of  whether  migratory  Salmonida  perish  if  prevented  from  going  to  the  sea 
at  the  proper  season,  the  Bev.  Augustus  Morgan  experimented  during  several  years  with  full- 
grown  sea  trout,  half-grown  sewin,  and  with  salmon,  but  all  the  specimens  died,  although 
there  was  plenty  of  food  in  the  pond  ;  the  fresh-water  trouts  remained  perfectly  healthy.  The 
dead  specimens  presented  a  remarkable  appearance,  the  body  being  as  lean  and  elongated  as 
in  a  lake :  all  the  internal  parts  were  much  inflamed. 

il/r.  Douglas  Ogilhie  in  1881  took  about  100  sea  trout  and  salmon  smolts,  which  he  turned  into 
Lough  Ash,  Co.  Tyrone,  which  has  no  access  to  the  sea.  April  30,  1883,  he  captured  a  smolt 
or  grilse  14^  in.  long  in  this  lake,  where  salmon  had  not  previously  been  seen.  Its  abdomen 
was  so  distended  that  he  considered  it  would  have  spawned  very  shortly,  more  especially  as  it  was 
taken  at  the  mouth  of  the  only  stream  that  enters  this  lough.  The  specimen  is  in  the  Natural 
History  Museum  at  South  Kensington,  and  is  evidently  a  true  Salmo  salar,  and  as  such  I 
described  it  in  the  Proceedings  Zool.  Soc.  1884,  p.  584,  while  the  eggs  in  spirit  were  each  0-25  of 
an  inch  in  diameter.  Provided  there  had  been  a  ripe  male  in  the  vicinity,  there  seems  no  reason 
why  this  fish  should  not  have  deposited  her  eggs,  and  such  might  have  given  rise  to  a  land- 
locked race. 

*  Shaw  remarked  that  solitary  instances  have  occurred  of  large  female  pars  having  been 
found  in  salmon  rivers  with  the  roe  considerably  developed,  and  he  ascertained  that  by  detaining 
the  female  smolt  in  fresh  water  until  the  end  of  the  third  winter  individuals  are  found  in  this  com- 
paratively mature  condition.  Davy  {Trans.  lioyal  Soc.  Edin.  1854,  xxi,  p.  253)  observed  that  he  had 
examined  hundreds  of  pars,  and  had  frequently  found  the  males  with  milt,  but  never  a  female 
with  roe  correspondingly  developed.  On  the  contrary,  the  females,  without  exception,  had  the 
ovaries  so  small  that  without  they  had  been  carefully  sought  for  they  would  have  escaped  notice. 
Kussell  denied  that  female  pars  ever  had  the  roe  developed. 

Yarrell  {Brit.  Fish.  1836)  recorded  that  Mr.  Heysham  had  sent  him  an  example  7  in.  long 
having  both  lobes  in  a  forward  state,  as  well  as  notice  of  a  female  taken  in  March  with  large 
ova  :  Mr.  Couch  also  informed  him  of  a  similar  case  in  the  Dart  in  March. 

Brown  {Stormontficlds  Experiments,  1862,  p.  89)  considered  that  no  female  par  had  yet  been 
discovered  with  the  roe  developed,  possibly  meaning  no  young  salmon  in  the  par  livery  had  been 
Been  with  the  ova  fully  developed ;  for,  as  I  shall  endeavour  to  show,  smolts  with  par  bands  have 
given  eggs  at  Howietoun.  Brown  reared  the  young  from  eggs  to  the  smolt  stage  and  obtained 
at  Stonehaven  a  salt-water  pond  for  their  reception  into  which  the  sea  ebbed  and  flowed,  but 
poachers  destroyed  the  exi^eriment. 

March  4th,  1859,  M.  Julius  Cloquet  read  a  paper  before  the  French  SociCti  d' Acclimation  on 
the  breeding  of  salmon  in  a  pond  without  descending  to  the  sea  (vol.  vi,  1859,  p.  255).  The  small 
pond  which  was  the  scene  of  this  experiment  was  situated  in  the  hollow  of  a  wooded  valley,  which 
was  not  more  than  a  hectare  in  superficial  extent.  Its  depth  was  from  six  metres  towards  the  end 
where  the  bound  was  erected,  while  in  the  remainder  of  its  extent  its  richly  herbivorous  bottom 
sloped  towards  the  edges  like  those  of  a  basin.  Some  trout  were  first  introduced,  and  in  April 
and  May,  1857,  many  thousand  salmon,  which  at  twenty-two  months  had  an  average  weif,dit  of 
120  grammes  and  from  twenty-five  to  thirty  centimetres  in  length.  Females  were  found  full  of 
eggs  ;  these  were  artificially  fecundated,  and  got  so  far  as  to  be  close  upon  hatching. 

Dr.  Giinther,  after  remarking  how  conclusively  Shaw  has  demonstrated  that  par  arc  the  young 
of  salmon,  and  that  they  may  contain  milt,  continued,  "  No  par  has  ever  been  found  with  mature 
ova"  (Introduction  to  the  Study  of  Fishes,  1880,  p.  C39).  Mr.  Gosden  observed  that  in  the  Exe  par- 
marked  fish,  graveling  or  smolt,"  so-called,  have  been  taken  with  ova  actually  exuding  from  the 
fish  on  being  handled  for  the  purpose  of  removing  the  hook. 
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Ill  December,  1880,  Sir  James  Maitland  obtained  some  salmon  in  the  Teith, 
from  -which  he  personally  took  eggs  and  milt,  and  in  March,  1881,  the  ova  were 
hatched.  In  due  course  the  young  were  transferred  to  pond  No.  7  at  Howietoun. 
This  pond  is  lined  witli  wood,  and  its  extent  100  ft.  long  by  15  ft.  broad,  8  ft. 
deep  in  the  centre,  and  6|  ft.  on  either  side,  while  the  average  supply  of  water 
passing  through  it  is  1,000,000  gallons  a  day. 

In  July,  1883,  in  the  presence  of  several  of  the  foreign  commissioners  to  the 
"  Great  International  Fisheries  Exhibition,"  and  other  invited  guests,  this  pond  was 
netted,  when  it  was  seen  that  some  of  the  young  salmon,  then  two  years  and  four 
months  old,  were  of  a  general  golden  colour,  spotted,  and  in  the  livery  of  the 
banded  par  stage,  while  others  were  beautiful  silvery  smolts,  similar  to  such  as 
we  generally  find  descending  to  the  sea,  and  which,  in  certain  lights,  showed  par 
bands.  Although,  as  a  general  rule,  the  smolts  were  the  larger,  still  a  few  of  the 
pars  exceeded  the  smolts  in  size. 

October  10,  1883,  one  of  these  fish,  which  was  under  1  lb.  in  weight,  in  the 
smolt  livery,*  but  still  showing  par  bands,  jumped  out  f  of  the  pond,  and  was 
found  dead  on  the  path.  On  being  opened  it  proved  to  be  a  female,  with  com- 
paratively large  ova,  which  were  of  a  deep  reddish  colour,  thus  almost  disposing 
of  the  statement  that  "no  par  has  ever  been  found  with  a  mature  ova."  I  say 
almost,  because  as  yet  the  ova  were  not  quite  mature,  although  they  would  have 
become  so  had  not  the  fish  met  with  an  untimely  fate.  Also  the  objection  might 
be  raised  that  it  was  a  smolt,  not  a  par,  and  although  the  par  bands  were  present, 
certainly  the  golden  tinge  seen  in  the  young  of  the  salmon  was  absent. 

At  the  end  of  November,  1883,  several  of  these  fish  during  the  night  and 
early  morning  were  fonnd  to  have  jumped  out  of  the  pond,  and  it  was  surmised 
that  more  might  have  been  carried  off  by  rats  or  birds.  On  November  29th  two 
more,  one  being  11|  in.  in  length,  were  found  dead  ;  this  latter  was  a  silvery  smolt, 
with  par  bands,  and  on  being  opened  proved  to  be  full  of  ripe  milt.  A  net  having 
been  employed,  three  fish  were  removed  for  examination.  The  first  was  a  silvery 
smolt,  10'8  in.  in  length,  which  in  certain  lights  distinctly  showed  the  par  bands  ; 
the  generative  organs  were  not  developed.  The  second,  9  in.  long,  was  more 
distinctly  par-marked,  but  otherwise  very  similar.  The  third  was  6'3  in.  in 
length,  in  the  par  dress,  and  was  a  male  full  of  milt.:j:  As  a  rule  the  females 
were  silvery,  although  the  ova  was  not  rij^c,  but  the  males,  on  the  contrary,  when 
pressed,  gave  ripe  milt.  Generally  the  smolts  appeared  to  be  more  spotted  than 
such  as  are  taken  in  a  state  of  nature  in  the  rivers  ;  the  largest  was  13^  in.  long. 
Those  in  th.e  golden  par  livery  seemed  to  be  males,  most  of  which  were  ripe, 
while  the  silvery  smolts  were  mostly  females.  These  fish  rendered  it  very  evident 
that  the  relative  growth  of  the  fry  does  not  depend  on  the  size  of  the  pond, 
quantity,  quality,  or  variety  of  food,  or  amount  of  water,  as  all  had  been  treated 
alike,  yet  they  varied  in  length  from  4  in.  to  13|  in. 

During  the  month  of  May,  1884,  sixteen  of  these  fishes  jumped  out  of  the 
pond  and  were  found  dead,  and  the  breeding  organs  in  all  were  found  to  be 
developing  in  a  satisfactory  manner.  August  28th,  1884,  an  examination  was 
made  of  pond  No.  7,  and  a  smolt  Ij  lb.  in  weight  and  14-1  in.  long  was  removed  ; 
it  proved  to  be  a  female  with  the  ova  well  forward,  the  largest  being  O'l  of  an 

^^  The  beautiful  illnstralions  of  grilse  in  Sir  W.  Jarcliue's  magnificent  Sabiionidic  do  not 
resemble  in  colour  the  Howietoun  lish,  which  latter  are  more  spotted  than  his  2  lb.  13  oz. 
specimen  from  the  Solway  Firth,  taken  in  July,  and  even  more  so  than  his  3A  lb.  fish  captured  in 
August. 

t  Brown  (Stormontjidds  Experiments)  observed  that  "in  the  month  of  February,  1836,  caught 
a  dozen  and  a  half  par  in  the  Tay,  and  kept  them  confined  in  a  stream  of  running  water,  and  by 
the  month  of  May  the  whole  of  them  had  become  smolts  ;  but  some  had  leaped  out  of  their 
confinement  in  their  struggle  to  find  their  way  to  the  sea,  and  were  found  dead  on  the  side  of  the 
pond  "  (pp.  7  and  8). 

%  The  teeth  in  the  vomer  of  a  par  were  as  follows  :— Three  on  the  hind  edge  of  the  head  of 
that  bone,  behind  that  a  pair,  then  two  placed  one  at  an  angle  to  the  other,  and  subsequently 
eight  in  a  single  row,  but  with  their  points  somewhat  divergent.  There  was  very  little  change 
seen  in  those  of  the  smolt,  while  in  one  13  in.  long,  that  spawned  in  188-i,  the  same  dentition 
prevailed. 
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inch  in  diameter.  October  4tli,  one  13  in.  long,  which  had  jumped  out  of  the 
pond,  proved  to  be  a  fomak,  and  the  eggs  were  02  of  an  inch  in  diameter;  in 
fact,  of  mature  size. 

From  tliis  time  the  fishes  commenced  constantly  jumping  out  of  the  pond  and 
meeting  with  fatal  injuries;  they  did  so  towards  tlie  upper  end,  wlierc  tlie  stream 
of  water  entered,  as  if  seeking  for  a  place  where  they  could  ascend  it.  Wire 
netting  was  now  fixed  around  the  upper  part  of  the  pond,  but  against  this  the 
fish  continued  to  spring.  About  the  middle  of  October,  fungus,  Saprolegiiia  ferax, 
showed  itself,  most  probably  due  to  the  injuries  occasioned  by  their  endeavours  to 
escape.  It  was  also  observed  that  they  ceased  from  feeding,  so  a  number  of  small 
Lochleven  trout  were  added  to  vary  their  diet,  but  which  they  did  not  appear  to 
consume  many  of. 

November  7th,  1884,  a  smolt,  Ij  lb.  in  weight,  was  found  lying  almost 
dead  by  the  side  of  pond  7,  and  from  it  about  100  apparently  ripe  eggs  were 
expressed.  These  were  milted  from  a  Lochleven  trout.  On  January  23rd,  1885, 
eighteen  of  these  eggs  hatched,  and  when  I  first  saw  them  on  February  10th  the 
young  were  looking  remarkably  well  and  vigorous  ;  none  of  them  seemed  to  be  in 
the  slightest  degree  deformed.  So  far  as  I  am  aware  this  is  the  first  successful 
attempt  in  Great  Britain  made  at  raising  young  from  salmon  eggs  the  parent 
of  which  has  never  descended  to  the  sea,  but  passed  its  entire  existence  in 
fresh  water. 

November  14th,  1884,  the  water  was  dravm  off  from  pond  No.  7,  as  the  wood 
with  which  it  is  lined  required  recharring,  and  the  fish  were  placed  in  pond  No.  5, 
just  done  up  and  previously  inhabited  by  brook  trout,  but  which  were  now 
turned  into  the  burn  as  being  too  old  to  be  worth  further  preserving.  Sixty- 
eight  young  salmon  were  transferred,  the  majority  being  males,  while  the  fishes 
showed  all  the  gradations  in  colouring  from  the  golden  and  banded  par  to  the 
silvery  smolts.  These  latter,  however,  had  not  lost  their  par-bands,  while 
some  of  the  larger  ones  were  distended  with  ova.  All  the  fish  in  the  full  par 
dress  were  males,  but  so  were  some  of  the  silvery  smolts.  About  two  dozen  eggs 
were  obtained  from  one,  but  they  did  not  germinate,  possibly  not  being  quite  ripe. 
Three  smolts  wei-e  too  injured  to  live.  These  were  opened;  their  ovisacs  were 
found  to  be  distended  with  eggs,  almost  but  not  quite  ripe,  being  still  slightly 
adherent. 

As  thesp  young  salmon  became  ready  for  continuing  their  species,  the 
following  ova  were  obtained  in  December,  and  laid  down  in  the  hatching- 
house. 

December  1st,  1884  (box  104a),  1500  eggs  from  two  smolts,  which  were  treated 
with  the  milt  of  one  of  the  males.  These  eggs  averaged  each  0'22  of  an  inch  in 
diameter.     About  400  hatched  February  21st,  or  in  eighty-two  days. 

December  yth  (box  108a),  about  4000  eggs  of  these  smolts  were  fertilized  with 
the  milt  of  one  of  the  males  ;  these  eggs  averaged  each  0'20  of  an  inch  in 
diameter.     About  2200  hatched  February  27th,  1885.  _ 

As  the  further  development  of  these  experiments  is  fully  followed  out  by  Sir 
James  Maitland,  in  his  History  of  Iloicietoun,  it  only  becomes  necessary  for  me  to 
observe  that  I  exhibited  at  a  meeting  of  the  Linnean  Society  in  November,  188G, 
a  par  5|  in,  long,  taken  the  week  previously  from  a  fine  shoal  of  these  fish  at 
Howietoun,  and  which  had  been  hatched  there  in  March,  1885,  from  eggs  and 
milt  of  parents  that  had  never  descended  to  the  sea,  the  specimen  being  twenty 
months  old  and  in  excellent  condition.  Whether  these  fishes  after  a  few 
generations  will  lose  their  migratory  instincts  and  be  satisfied  to  pass  their  lives 
and  reproduce  their  kind  in  fresh  waters,  only  time  can  show ;  but  they  afford 
incontestible  evidence  that  a  sojourn  in  salt  water  is  not  necessai-y  in  order  for  a 
grilse  to  develop  eggs :  and  that  migratory  salmon  are  able  to  reproduce  their 
kind  in  fresh  water  without  migrating  to  the  sea,  thus  removing  one  great  obstacle 
which  has  stood  in  the  way  of  ichthyologists  admitting  that  a  land-locked  salmon 
can  beget  a  race  of  Salmo  saJar. 

Having  thus  shown  that  salmon  can  be  reared  in  fresh  water  and  also  breed 
without  descending  to  the  sea  when  in  suitable  localities,  the  question  arises 
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whetlier  such  an  occurrence  is  seen  in  nature ;  if,  in  fact,  there  are  what  may  be 
termed  wild  land-locked  races  of  this  fish. 

Although  it  has  been  denied  by  Dr.  Gilnther  that  the  land-locked  salmon  of 
Lake  Wenern*  are  anything  but  trout,  it  is,  as  I  have  stated,  owing  to  his 
unfortunately  not  having  had  the  opportunity  of  examining  the  real  local  race. 
Scandinavian  ichthyologists  appear  from  early  times  to  have  considered  it  to  be  a 
local  breed  of  the  true  salmon  {Salmo  solar),  which  had  become  unable,  due  to 
physical  changes  in  the  conformation  of  the  country  at  some  period  long  since 
gone  by,  to  migrate  seaw^ards,  and  had  consequently  been  compelled  to  pass  its 
entire  existence  in  fresh  waters  (see  page  5).  This  opinion  was  strongly  combated  by 
Dr.  Gtinther  in  the  Zoological  Record  for  18G4 ;  for  having  obtained  two  forms  of 
trout  from  Lake  Weneru,  he  came  to  the  conclusion  that  one  must  represent  the 
land-locked  salmon.  This  statement  has  possibly  deterred  fish-culturists  from 
seeking  this  variety  for  artificial  propagation,  as,  had  Dr.  Glinther's  identification 
been  correct,  introducing  either  of  these  two  races  of  trout  into  our  waters  would 
certainly  have  been  productive  of  little,  if  any,  benefit. 

Having  had  an  opportunity  of  closely  examining  a  pair  of  undoubted  Lake 
Wenern  salmon  in  1883,t  I  must  express  my  opinion  that  they  certainly  resemble 

*  In  the  year  18G.3  Widegren  gave  it  as  his  opinion  that  the  different  forms  of  Scandinavian 
tront  were  local  races  or  varieties  of  one  species,  while  a  large  salmonoid  from  Lake  Ladoga  he 
considered  to  be  identical  with  Salmo  salar,  variety  lacustris  of  Hardin,  and  in  these  views 
Malmgren  coincided.  Professor  Loven  about  this  time  ascertained  that  certain  marine  Arctic 
animals  still  survived  at  great  depths  in  some  of  the  Scandinavian  lakes,  as  I  have  remarked 
(page  5  ante).  Malmgrem  believed  that  anadromous  salmon  might  have  had  their  descent  to  the 
ocean  summarily  stopped,  and  either  themselves  or  their  fry,  which  latter  at  least  must  have 
been  in  the  fresh  water,  had  to  select  between  extinction  or  continuing  their  race  under  altered 
conditions. 

Hetting,  the  Superintendent  of  Fisheries  in  Norway,  wrote  to  Dr.  Soubeiran  in  February,  1866, 
remarking  that  the  common  salmon  lives  in  Lake  Wenern,  and  has  done  so  from  time 
immemorial,  that  it  is  now  naturalized  both  there  and  in  the  great  lakes  of  Norway,  and  where 
the  conditions  of  nourishment  are  favourable,  it  loses  nothing  of  its  qualities — at  least,  that  the 
Lake  Wenern  race  rivals  the  marine  salmon  in  its  colour,  taste,  and  size,  while  every  year,  from 
May  until  the  end  of  autumn,  it  migrates  from  the  lake  towards  Klara-elv,  similar  to  the  sea 
salmon,  which  at  the  same  period  quits  the  ocean  in  order  to  ascend  into  fresh  waters. 

In  18GG  Dr.  Giinther,  in  the  Catalogue  of  the  Fishes  in  tlie  British  Museum,  gave  the  local 
species  of  the  genus  Salmo  (omitting  the  chars)  from  the  Scandinavian  Peninsula  and  Finland 
as  follows:  1.  Sahno  inistojys,  Giinther;  2.  S.  hardinii,  Giinther;  3.  S.  reiierueusis,  Giinther, 
and  a  Lapland  ,S'.  j^olyostevs,  Giinther ;  having  come  to  the  conclusion  that  all  descriptions  pub- 
lished up  to  that  period  by  preceding  authors  were  insuflicient  for  identification.  To  his  second 
species  he  appended  the  synonomy  of  the  land-locked  salmon  of  Wenern,  Salmo  salar  variety 
lacustris,  but  with  a  note  of  interrogation,  as  he  was  naturally  doubtful  whether  the  two  referred 
to  the  same  fish.  In  short,  the  true  land-locked  salmon  of  this  lake  finds  no  place  in  the  cata- 
logue, and  the  two  forms  (»S'.  hardinii  and  S.  venernensis)  recorded  from  thence  in  the  work  are 
local  races  of  Salmo  trutta.  Owing  to  this  unfortunate  confusion.  Dr.  Giinther  concluded  that 
the  Lake  Wenern  land-locked  salmon,  which  he  supposed  .S'.  liardinii  might  be,  had  smaller 
scales  (or  thirteen  transverse  rows  on  the  tail)  than  the  true  salmon,  which  has  only  twelve  or 
less  at  that  spot,  but  admitted  that  it  never  entered  the  sea,  being  found  in  the  Lake  Wenern, 
into  which  no  marine  fish  can  ascend,  in  consequence  of  intervening  cataracts.  He  continued  : 
"  A  fanciful  idea  has  been  started  that  it  is  a  salmon,  with  some  of  the  characters  modified,  in 
consequence  of  its  compulsory  residence  in  a  fresh-water  lake.  We  cannot  see  how  such  a  change 
in  the  life  of  a  fish  has  the  effect  of  diminishing  the  size  of  the  scales  "  (p.  108).  Certainly  it  must 
be  admitted  that,  although  a  lake  salmon  may  vary  in  appearance  as  much  as  might  a  lake  trout 
from  its  river  relatives,  still  the  number  of  scales  would  keep  within  the  same  limits.  While 
having  had  the  opportunity  of  examining  the  specimens  in  the  British  Museum  alluded  to  in  the 
catalogue,  there  can  be  no  doubt  that  the  enumeration  there  given  is  generally  correct.  But  the  real 
question  is  whether  his  enumeration  of  the  scales  is  that  which  exists  in  the  true  Wenern  salmon  ? 

t  The  male  is  nearly  31  in.  in  length,  has  115  rows  of  scales,  and  from  nine  to  ten  in  an  oblique 
line  from  the  adipose  dorsal  fin  to  the  lateral-line  ;  it  possesses  fifty-five  Cffical  appendages,  and 
the  milt  semi-mature.  The  female  is  between  32  and  33  in.  in  length,  has  116  rows  of  scales,  and 
from  nine  to  ten  in  an  oblique  line  from  the  adipose  dorsal  fin  to  the  lateral-line.  It  also 
possesses  fifty-five  ca>cal  appendages,  while  the  eggs  are  semi-mature.  Further  description  would 
be  out  of  place  here,  and  I  can  only  say  that  these  fish,  if  stuffed,  could  not  be  separated  from 
the  salmon.  The  ctecal  a^jpendages  are  rather  restricted  in  number,  still  as  few  as  fifty-three 
have  been  recorded  from  a  salmon,  and  we  do  not  yet  know  the  conditions  under  which  these 
appendages  vary  in  their  number,  unless,  as  seems  possible,  those  living  in  the  best  feeding- 
grounds  and  having  a  large  range  possess  the  greatest  number.  The  scales  on  the  tail  do  not 
resemble  in  number  those  of  the  trout  in  its  various  races. 
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S.  saJar  in  all  points,  and  arc  not  identical  with  any  of  the  Scandinavian  races 
described  by  Dr.  Giinthor  in  the  Gatalogue  of  the  Fishes  in  the  British  Mu^cuui. 

There  appears  to  be  one  remarkable  point  of  divergence  between  tlio  Scan- 
dinavian and  American  land-locked  salmon.  In  the  first  Malmgren  found  that 
the  eggs  had  decreased  in  number  and  diminished  in  size  ;  whereas  Mather  says 
of  the  latter  it  "  may  be  noted  that  though  in  maturity  smaller,  in  embryonic 
stages  the  land-locked  salmon  arc  larger  ;  the  eggs  perhaps  being  ten  per  cent, 
greater  in  diameter."  Atkins,  however,  found  them  smaller,  so  they  may  vary  in 
different  localities,  possibly  in  accordance  with  the  food  supply. 

It  is  certainly  remai'kable  that  among  the  Scandinavian  laud-locked  races  some 
are  found  in  a  number  of  lakes  with  broad  outlets  into  the  sea.  Also  respecting 
the  land-locked  salmon  of  America,  Mr.  Atkins,  in  1884,  observed  that  he  did 
not  think  we  have  any  evidence  that  the  land-locking  of  the  species  has  occurred 
during  recent  geological  periods.  "  There  is  nothing  at  present  to  prevent  any  of 
these  salmon  going  out  to  sea  from  any  of  those  waters  where  they  are  now  found. 
There  are  obstructions  to  their  coming  back  if  they  once  went  to  the  sea  ;  and 
these  same  obstructions  would  hinder  the  sea  salmon  having  access  to  the  upper 
waters,  where  the  land-locked  salmon  now  live."* 

Should  it  be  decided  to  stockf  some  of  our  larger  and  clear  lakes  with  this 
race  of  land-locked  salmon,  +  it  might  be  worth  considering  whether  eggs 
obtained  from  Lake  Wenern,  which  is  slightly  north  of  the  British  Isles,  would 
not  be  more  likely  to  succeed  than  those  from  the  LTnited  States,  where  the 
waters  are  entirely  to  the  south  of  Great  Britain.  While  a  trial  of  the  two  forms 
would  be  of  greater  utility  than  all  the  theories  which  could  be  advanced  on  the 
subject. 

It  seems  very  questionable  whether  these  fishes  are  suited  to  our  rivers,  which 


*  The  land-locked  race  of  salmon  found  in  the  State  of  Maine  and  neighbouring  portions  of 
Canada,  iu  Lake  Sebago,  Lake  Sabec,  and  the  Schoodic  lakes,  are  also  identical  in  external  form 
with  Salmo  salar.  That  similar  conditions  in  America  may  occasion  the  same  changes  is  exceed- 
ingly interesting,  but  only  what  might  be  expected.  These  salmon  Agassiz  considered  to  be 
identical  with  the  lake  salmon,  or  Salmo  argenteas  (silfverlax)  of  Sweden. 

Mr.  Atkins,  who  has  made  a  special  study  of  these  American  forms  of  land-locked  salmon, 
tells  us  that  there  are  differences  which  point  towards  a  theory  of  arrested  development, 
such  as  the  dark  par  bands  which  are  retained  through  life,  as  may  be  seen  by  removing  the 
scales.  Such  appearances  were  not  present  in  any  of  the  Wenern  fish  as  have  come  under  my 
observation,  perhaps  twenty  or  thirty  in  all.  In  the  United  States  some  land-locked  forms  give 
fewer  and  smaller  eggs  than  the  auadromous  race,  while  ovarian  disease  has  been  found  to  be 
frequent.  They  only  cease  feeding  for  a  few  weeks  at  the  breeding  time,  and  undertake  two 
migrations  yearly  from  the  lakes  to  the  streams.  The  first  is  in  May,  and  continues  until  August; 
it  seems  to  be  for  the  sole  purpose  of  feeding.  The  second  or  "  fall  "  migration  begins  in 
September,  and  ceases  at  the  commencement  of  winter,  and  is  for  breeding. 

The  land-locked  salmon  in  the  breeding  season  never  assumes  such  bright  colours  as  do  male  sea 
or  river  salmon,  while  Atkinson  observed  of  the  Schoodic  lake,  "  Here,  as  in  many  other  instances 
that  I  know  of,  the  salmon  move  down  from  the  lake  into  its  outlet  at  the  spawning  season, 
instead  of  up  into  the  tributaries.  It  follows  that  the  young  fish,  instead  of  dropping  down  with 
the  current,  as  many  sea-salmon  do,  are  in  the  habit  of  ascending  their  native  streams  till  they 
reach  the  deep  water  above." 

These  salmon,  in  the  United  States,  as  well  as  in  Canada,  are  inferior  in  size  to  the  anadro- 
mous  race  for  in  the  Penobscot  the  average  adult  is  given  at  about  13  lb.,  while  among  the  Sebago 
race  the  largest  average  5  lb.,  although  a  solitary  instance  has  been  recorded  of  one  of  25  lb.  that 
had  been  found  dead.  Although  these  forms  seem  to  thrive  best  where  the  waters  are  very  deep, 
still  to  this  general  rule  there  are  some  exceptions.  Large  numbers  of  eggs  from  this  race,  some 
of  which  are  much  larger  than  those  of  our  salmon,  have  been  brought  into  this  country,  and 
many  hundreds  of  yearlings  are  thriving  at  Howietoun. 

f  In  some  cases  it  has  been  found  that  the  introduction  of  salmon  into  pieces  of  water 
frequented  by  trout  has  not  been  conducive  to  the  well-being  of  the  latter  species. 

\  In  case  at  a  future  date  the  following  observation  from  Land  ami  Water,  188G,  should  raise 
discussion,  I  may  mention  that  the  fish  alluded  to  below  (of  which  I  have  a  series  of  specimens) 
were  trout,  S.  inirpuratus,  but  not  -S'.  salar.     The  extract  alluded  to  was  as  follows  : — • 

"  Land-Locked  Salmon.  Three  specimens  of  this  Canadian  fish,  about  14  in.  in  length, 
which  have  been  presented  to  Mr.  Thomas  Spreckley  by  the  Science  and  Art  Department  at 
Kensington,  were  taken  to  Chertsey  on  Thursday  last,  and  placed  in  one  of  the  tanks  belonging 
to  Mr.  James  Forbes,  of  Chertsey  Bridge,  prior  to  their  being  turned  into  the  Thames  in  that 
neighbourhood." 
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are  destitiTte  of  lakes,  as  tliey  would  certainly  require  considerable  range  and 
abundance  of  food.  For  in  sucli  cases  lakes  would  be  to  the  land-locked  salmon 
as  the  sea  is  to  the  anadromous  form,  and  the  derision  with  which  the  statements 
of  Norwegian  ichthyologists  that  these  fishes  were  the  descendants  of  Salmo 
salar  was  received  in  this  country  must  now  be  admitted  to  have  been  an  error. 

What  are  the  limits  of  reproduction  among  the  salmon  ?  is  a  question  which 
has  often  been  jDropounded,  but  to  which  various  replies  have  been  given. 
Among  fishes  generally  it  exists  to  a  very  different  degree,  thus  our  catadromous 
eels  would  seem  to  pass  many  seasons  in  a  sterile  condition,  only  reproducing 
their  species  when  they  descend  to  salt  water.  In  the  salmon,  although  it  is 
evident  that  the  male  is  capable  of  producing  milt  before  it  is  twenty-four 
months  of  age,  such  is  very  deficient  in  marital  powers,  while  in  the  female 
eggs  seem  rarely  to  be  developed  prior  to  its  being  thirty-six  months  old. 
The  trout  and  the  char  will  furnish  eggs  and  milt  when  nearly  two  years  of 
age,  but  even  among  these  fishes  the  female  is  rarely  so  far  advanced  as  the  male. 
Among  salmon  permanent  or  temporary  sterility  may  occur.  Thus  in  those 
cases  in  which  it  is  permanent*  such  may  be  owing  in  some  individuals  to  their 
not  being  sexually  developed,  as  observed  by  Siebold,  or  to  a  mechanical  difii- 
culty  in  the  ova  being  extruded  :  or  if  extruded  the  eggs  themselves  may  be 
sterile,  due  to  the  spermatozoa  being  of  too  great  a  size  to  enter  the  micropyle 
of  the  ovum,  or  sterility  may  be  consequent  upon  some  physiological  cause, 
possibly  as  close  interbreeding,  deficiency  of  food,  or  unsuitable  residence,t 
affecting  the  reproductive  system  to  such  an  extent  as  to  preclude  the 
formation  or  at  least  the  fertility  of  the  eggs.  And,  lastly,  hybridity 
may  be  a  cause,  and  which  will  be  considered  when  the  various  hybrids 
are  described.  Cases  of  temporary  sterility  are  seen,  as  in  clean-run  salmon 
ascending  our  rivers  every  month  in  the  yeat',  while  it  is  manifestly  impossible 
that  such  as  do  so,  as  I  have  described,  in  November  (see  p.  69)  could  breed 
that  season,  and  they  evidently  vrere  not  kelts  that  had  bred.  But  in  such  fish 
a  very  slight  development  of  milt  or  roe  may  be  detected  by  means  of  the 
microscope.]:  These  seasonally  sterile  fish  would  seem  to  corroborate  the  view 
advanced  by  Mr.  Atkins  that  salmon  breed  on  alternate  years  (see  p.  79). 

Hybridism  in  a  natural  state  is  supposed  to  be  rare  as  regards  the  salmon,  but 
that  such  may  take  place  has  been  proved  by  Rasch,  Sir  James  Maitland,  and 
others  who  have  fertilized  their  ova  with  the  milt  of  the  trout  and  of  the  char,  and 
vice  verm,  and  obtained  fertile  progeny,  as  will  be  treated  of  further  on.  ^  These 
fish  do  not  lose  their  anadromous  instincts  when  the  period  of  migration  arrives,  so 
could  not  be  utilized  as  a  land-locked  race§,  on  the  supposition  that  they  would  be 
sterile  and  so  lose  the  desire  to  migrate  seawards. 

Respecting  stocking  rivers  with  "  alevins,"  or  young  salmon  in  which  the 
yolk-sac   is  very  nearly  or  just   absorbed,   various   opinions    are   held.       Some 

*  Widegreu  considered  that  the  form  of  the  caudal  fin  and  the  colours  of  the  fish  are 
connected  with  the  development  of  the  sexual  organs  :  as  wiU  be  referred  to  when  treating  of 
trout.  ,       ,         . 

t  Some  fish,  although  apparently  in  good  health,  will  not  breed  when  kept  ni  an  aquarumi. 

%  Mr.  Ffennell  gave  evidence  before  a  Parliamentary  Committee  that  clean  salmon  with  only  a 
thread  of  milt  or  roe  in  them  are  found  in  rivers  during  December,  January,  and  February,  and 
he  considered  that  these  fish  do  not  spawn  until  the  November  or  December  following,  remaining 
ten  or  twelve  months. in  the  fresh  water,  their  ova  developing  until  they  are  ready  to  spawn, 
and  that,  although  discoloured,  due  to  their  residence,  they  are  very  good  eating.  _  Brown 
(Stormo7i{fieI<h  E.rjKriments),  pp.  94,  95,  caught  one  of  these  fish  in  a  Sutherlandshire  river  and 
gave  the  same  report.  He  also  remarked  that  the  foregoing  fish  are  strong,  able  to  overcome  falls 
and  penetrate  to  the  extreme  feeders  of  the  rivers,  whereas  those  fish  which  do  not  leave  the  sea 
until  heavy  with  spawn  could  not  overcome  falls  or  ascend  any  considerable  distance. 

§  Professor  Baird  (United  States  Fisheries  Bcport,  1875-7G,  p.  13)  observed,  "  Another  subject 
of  consideration  by  the  convention  was  the  hybridizing  of  fisli,  with  a  view  of  repiovmg  the 
instinct  of  migration,  and  by  the  atrophy  of  the  sexual  apparatus,  allowing  a  more  rapid  accession 
of  flesh  and  fat,  as  is  the  case  of  hybrids  and  castrated  domestic  animals."  Professor  Brown 
Goode  remarked,  1884,  respecting  hj-brid  salmonidaj  being  likely  to  remain  in  the  head  ^yaters  of 
the  streams  :  "  Such  is  the  theory  of  certain  English  experts,  but  it  occurs  to  me  that  their  theory 
is  without  very  good  foundation." 
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believe  that  by  this  means  the  number  of  fishes  in  a  river  can  be  largely  increased. 
Others  maintain  that  such  a  proceeding  merely  increases  the  number  of  fry 
which  arc  preyed  upon  by  every  species  of  vermin  (p.  44).  But  as  this  has 
certainly  proved  beneficial  in  some  rivers,  if  not  in  all,  it  simply  comes  to  the 
question  of  whether  their  enemies  arc  too  great  for  their  being  able  to  survive, 
and  Avhich   must  always  be  a  question  for  local   knowledge  and  experience  to 

decide*  •    1    p 

The  food  consumed  by  the  anadromous  salmon  is  somewhat  varied,  lor  wliilo 
liviui?  in  the  ocean  they  appear  to  lay  in  a  suflicient  stock  of  fat,  which  is  most 
readiTy  seen  around  the  stomach  and  ca^cal  appendages,  to  last  them  when 
residing  in  fresh  water,  or  at  least  until  the  spawning  season  has  passed.  _  I  have 
seen  the  remains  of  sand-eels,  Ammodytcs,  herrings,  and  crastacea  in  their 
stomachs.  Jardine  remarked  that  on  the  Suthcrlandshirc  shores  they  are  often 
captured  on  haddock  lines  baited  with  sand  eels.  Tliompson,  in  Ireland,  also 
found  these  fish  eating  sand-eels,  and  that  they  were  occasionally  taken  in 
Dundrum  Bay  upon  lines  baited  with  pieces  of  mackerel  which  were  laid  for 
mullet.  Morrison  recorded  having  captured  salmon  within  flood  mark,  some  of 
which  contained  two,  others  three,  full-sized  herrings.  In  the  British  Museum 
are  the  remains  of  a  gar-fish,  Belone,  taken  out  of  a  salmon  captured  in  fresh 
water,  but  evidently  only  lately  from  the  sea.  One  of  24  lb.  being  opened,  two 
trout  (size  six  to  a  pound)  wx>re  found  inside  it  {Fishing  Gazette,  December  20th, 
1879)  .f  Parnell  (Fishes  of  the  Frith  of  Forth,  p.  287)  observed  "in  the  county 
of  Devon  as  well  as  in  Loch  Lomond  in  the  north,  I  have  taken  grilse  with  the 
minnow,  and  the  common  eai'th-worm  is  a  deadly  bait  for  the  clean  salmon.  On 
dissecting  the  alimentary  canal  of  several  dozens  of  salmon  that  were  taken  in 
salt  water,  I  seldom  failed  in  discovering  the  remains  of  some  kind  of  food  in  the 
lower  intestines,  the  stomach  itself  being  almost  invariably  empty.  In  one  out 
of  five  I  found  the  remains  of  Crustacea  and  bones,  apparently  of  the  sand-eel  and 
other  small  fish.  I  have  repeatedly  found  the  remains  of  worms  and  aquatic 
insects  in  the  intestines  of  those  salmon  that  were  taken  in  rivers  and  lakes  ;  but 
in  those  fish  which  were  far  advanced  in  roe  both  stomach  and  intestines  were 
almost  invariably  empty. ";|: 

*  Eamsbottom,  of  Clitlieroe,  in  The  Salmon  and  its  Artificial  Propar/ation,  1854,  observed 
"  What  would  be  the  fate  of  any  number  of  defenceless  fry  which  might  be  turned  into  a  river  ? 
It  would  be  as  reasonable  to  expect  a  return  of  salmon  from  so  many  flies  as  from  fry  thus 
recklessly  exposed  to  destruction  "  (p.  61).  "  To  turn  one  or  two  hundred  thousand  smolts  mto 
a  river  would  afford  a  vastly  different  result  from  exposing  the  same  number  of  young  fry. 
Instead  of  being  liable,  for  upwards  of  two  years,  to  the  attacks  of  their  enemies,  their  stay  in 
the  river  would  be  but  temporary  "  {I.e.,  p.  Gl). 

t  Mr.  Gosden  {Land  and  Water,  March  8th,  188G),  remarked  :— "  In  1874  I  opened  490  salmon 
and  examined  the  contents  of  their  stomachs ;  290  from  the  river  Exe,  150  from  the  Kiver  Dart, 
and  50  peal  from  the  Dart.  In  these  I  found  eels,  minnows,  loach,  gudgeon,  sand-eels,  shrimps, 
&c.  A  friend  of  mine  in  Exeter  caUed  my  attention  on  May  19,  1874,  to  an  eel  about  a  foot  long. 
This  was  partly  digested ;  also  to  a  carp  taken  from  a  salmon  caught  in  Hampshire  waters,  and  a 
half-digested  grey  mullet  from  an  Exe  fish."  Also  another  correspondent  observed  in  the  same 
paper  on  February  20,  1886,  as  follows  :— "  I  have  seen  salmon  feeding  in  both  river  and  lake 
and  am  smiply  astonished  that  any  person  could  maintain  that  they  do  not.  .  .  .  Salmon  are  no 
doubt  heavy  feeders  while  in  the  sea,  and  also  while  in  the  estuary.  I  have  taken  no  fewer  than 
eleven  herrings  out  of  a  ten-pound  grilse  caught  at  the  mouth  of  the  Ayr.  I  saw  at  Dalmeny  five 
small  sprats  taken  out  of  a  salmon.  A  salmon  caught  at  Kincardine  had  in  its  stomach  seven 
sparhng,  besides  other  small  shrimps ;  another  caught  high  up  the  Forth,  at  Polnaisc,  contained 
a  smolt  and  eighteen  shrimps  ;  one  taken  at  Craignorth  Cruives,  twenty-seven  young  eels  ; 
others  having  swallowed  a  trout  fully  half  a  pound  and  every  imaginable  insect,  flics,  beetles, 
worms  and  spiders.  So  it  is  all  nonsense  to  say  that  salmon,  when  in  fresh  water,  live  upon 
love.  In  1844  two  salmon  caught  on  Loch  Tay  in  May  had  in  their  stomachs  one  and  two  young 
char  quite  entire,  besides  partially  digested  pieces  of  others." 

Some  Severn  fishermen  believe  that  elvers  are  largely  consumed  by  salmon,  and  in  the  Usk 
there  is  a  local  saying,  "  a  good  year  of  prides  (small  lampcrns),  a  good  year  of  salmon." 

+  Dr.  Davy  {Fhysioloyical  nesearches)  wished  to  ascertain  whether  the  usually  empty  condition 
of  the  stomach  in  salmon  in  fresh  water  is  or  is  not  accompanied  by  the  presence  of  gastric 
juice  ?  He  took  test  papers,  considering  that  if  there  it  must  be  acid.  August  24th,  he  tried  on 
four  salmon  taken  in  the  sea,  about  three  hours  after  capture,  there  was  no  solid  food  or  liquid, 
only  a  little  adhering  mucus,  and  no  effect  was  produced  on  the  litmus  paper.     20th,  four  more 
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From  time  to  time  discussions  arise  as  to  whether  salmon  do  or  do  not  feed 
in  fresh  waters,  some  maintaining  that  they  do,  while  others  hold  contrary 
opinions,  the  arg-ument  wliich  is  generally  adduced  against  their  doing  so  being 
that  as  a  rule  very  little,  if  any,  food  is  found  in  the  stomachs  of  those  captured 
in  rivers  which  are  far  distant  from  the  salt  water. 

Many  of  those  who  admit  that  the  male  par  or  the  mending  kelt  will  feed  in 
fresh  waters,  hold  that  salmon  as  a  rule  do  not  increase  in  weight  when  absent 
from  salt  water ;  but  proof  in  figures  is  still  wanting  to  uphold  this  theory  as 
applicable  to  all  salmon,  while  excreta  from  the  vent  may  be  seen  in  some,  and 
which  must  be  the  remains  of  food  that  they  have  consumed.* 

It  seems  possible  to  divide  salmon  ascending  rivers  into  two  classes  :  first  such 
as  will  breed  within  a  short  period  after  their  ascent,  and  secondly,  such  as  will 
not  do  so  without  again  descending  to  the  sea,  being  clean-run  fish.  This  raises 
the  question  whether  the  latter  of  these  classes  or  the  clean-run  salmon  may  not 
be  the  feeders  ;  whereas  the  breeders  are  more  or  less  abstainers.  In  recording 
investigations  on  this  su.bject  it  is  desirable  that  the  sex  and  condition  of  the  fish 
should  be  ascertained,  because  many  piscine  forms,  such  as  shad,  trout,  and  char, 
more  or  less  cease  feeding  at  the  period  of  spawning  and  subsist  on  the  fat  stored 
up  in  their  bodies.  At  Howietoun,  in  1 882,  as  the  time  for  the  smolts  to  give  eggs 
arrived,  they  were  observed  to  go  off  their  feed,  and  young  fish  were  supplied  to 
tempt  their  appetites,  but  only  with  moderate  success,  and  subsequent  to  the 
breeding  season  they  came  on  their  feed  again  (see  p.  103  awfe). 

On  March  10th,  1886,  Mr.  Olive,  fishmonger  in  the  Promenade,  Cheltenham, 
drew  my  attention  to  the  condition  of  the  belly  in  a  male  12-lb.  clean  salmon 
received  by  him  the  previous  day  from  the  tidal  portion  of  the  Severn  below 
Newnham.  The  stomach  was  very  distended,  and  on  being  removed  from 
the  fish  it  was  found  to  measure  7  in.  in  length  and  contained  twenty-two  entire 
sprats  (Chipea  sprattus),  the  smallest  being  2-6  in.  long,  and  the  largest  4|, 
while  all  were  quite  fresh.  Their  eyes  were  bright,  their  fins  complete,  and  their 
scales  as  adherent  as  is  generally  seen  in  those  fishes  as  exhibited  for  sale  :  they 
had  scarcely  been  acted  upon  by  the  gastric  juices,  tending  to  show  that,  at  times 
at  least,  digestion  in  these  fishes  is  not  very  rapid.  This  he  informed  me  was  the 
first  instance  of  fish  present  in  a  salmon's  stomach,  that  he,  Mr.  Olive,  had  seen  in 
foi'ty  yeai's'  experience. 

One  modifying  circumstance  in  the  feeding  of  the  salmon  has  been  observed 
to  be  connected  Avith  a  muddy  state  of  the  river,  possibly  interfering  with 
respiration,  consequent  upon  the  amount  of  mud   which  had  been  swallowed.f 

similarly  taken  were  found  to  be  empty,  and  only  gave  a  slight  alkaline  reaction.  August  27th, 
September  3rd  and  6th,  two  salmon  and  one  grilse  taken  with  the  fly  in  fresh  waters,  their  stomachs 
were  empty,  and  reactions  the  same.  In  par  and  smolts  he  obtained  different  results,  food  was 
always  present  in  their  stomachs  and  gave  an  acid  reaction,  the  examination  bemg  made  so  soon 
as  they  had  been  taken  from  the  water.  Sea  trout  taken  with  fly  in  fresh  waterm  the  majority 
of  instances  afforded  results  similar  to  those  of  the  salmon,  in  some,  which  contained  food,  giving 
an  acid  reaction,  only  once  in  forty-two  trials  did  he  find  an  acid  reaction  occur  with  an  empty 
stomach.    Brook  trout  gave  the  same  results.  ,   „„    -,      .      i   ^i     fooii 

*  T  Harris,  in  the  Field,  March  29th,  1884,  observed  that  on  March  22nd  a  fresh  fish  of  32  lb. 
weight  had  been  taken  with  a  rod  and  line  in  the  Hampshire  Stour  about  four  miles  from  Christ- 
church,  the  bait  used  being  a  dace,  4  or  6  in.  long  and  light  trolling  tackle.  This  was  the 
second  fish  killed  with  a  dace  bait  during  the  year,  and  in  each  case  after  fly  and  prawn  had 
failed.  Either  three  or  four  were  killed  the  previous  year  with  similar  bait,  the  other  two  lish 
weighed  respectively  11  lb.  and  19  lb.  Mr.  Eobinson  sent  to  the  office  of  The  Field  on  September 
7th,  1885,  a  small  trout  6  in.  long,  taken  from  the  stomach  of  a  female  fresh-run  grilse  6i  lb. 
weight,  from  Well  Pool,  Thurso  river.  .     r,     .-,      :,   ^  i     •  ,  t      ^ 

t  Mr  C  Penuell  observed  that  "  in  the  Spey,  for  mstance,  in  Scotland,  fish  rise  most  freely 
and  as  freely  take  the  fly  almost  in  the  tideway  which  comes  up  but  a  short  distance.  In  the 
Wye  where  the  tide  runs  ten  miles  up,  the  fish  do  not  take  freely  till  they  have  run  up  seventy 
miles.  Does  this  result  from  the  fact  that  the  Spey  fish  are  never  in  muddy  water?  the  sea  and 
river  being  quite  clear,  and  the  bottom  pebbly,  whereas  the  fish  come  twenty  miles  up  the 
muddy  Severn,  and  then  have  ten  or  more  miles  of  muddy  Wye  besides  to  run  up  before  they 
get  to  clear  water.  This  may  make  them  so  sick  that  they  do  not  recover  before  reaching  the 
Hay  in  Breconshire,  and  only  above  that,  seventy  miles  from  the  mouth,  do  they  take  freely 
{Badminton  Series,  p.  181). 
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While  mnd  or  dirt  in  rivers  may  occasion  deleterious  consequences  to  the  fish 
owing  to  its  containing-  injurious  ingredients. 

The  young  par  takes  any  bait  with  avidity,  and  at  almost  any  time,  even 
when  the  trout  refuses  to  rise,  while  their  stomachs  are  often  Ibund  gorged 
with  the  larvro  of  aquatic  insects,  even  when  the  milt  is  exuding  from  tlie  Osh. 
Mr.  Teo-etmeier  observed  (I'roc.  Zool.  8oc.  18G8)  that  the  smelts  which  left  the 
Stormontficlds  ponds  in  May  that  year  were  much  larger  than  those  of  the 
previous  season,  due  to  their  diet  having  been  changed  from  boiled  ox-liver  rubbed 
down  to  coarse  powder,  for  this  season  the  aquatic  weeds  in  the  ponds  had  become 
covered  vfiih.  Limnea  ovata  YViV.,j)cregra,  on  which  they  fed  greedily  and  to  which 
the  great  increase  in  size  was  undoubtedly  to  be  attributed. 

The  causes  of  destruction  among  these  fishes  may  be  disease,  or  consequent 
upon  the  modes  of  capture  adopted  by  man  or  the  lower  animals,  and  can 
be  divided  into,  (1)  those  consequent  on  the  condition  of  the  waters  they  inhaljit, 
(2)  atmosi^heric  disturbances  and  accidents,  (3)  diseases,  (4)  misplaced  energy  in 
fishing  or  the  work  of  poachers,  and  (5)  injuries  occasioned  by  the  lower  animals. 

(1.)  Waters  may  be  of  such  a  directly  poisonous  character,*  as  to  at  once 
kill  the  fish  in  them,  or  be  rendered  mechanically  unfit  for  then-  residence,  as  by 
the  presence  of  mud  which  checks  or  even  stops  respii^ation  at  the  gills.  Or 
the  Avater  may  be  so  polluted  that  the  living  food  which  ought  to  be  present  has 
been  destroyed.  The  Salmonidce  will  perish  in  waters  wherein  some  fish  will 
live,  while  possibly  bull-heads  Gottus  gohio,  gudgeonsf  Gohio  fluviatilis, 
and  loach  Nemacheilus  bariatula,  will  thrive  where  salmon  would  die.  Also 
what  would  be  poisonous  to  the  fry  may  be  faced  with  greater  impunity  by 
the  old  fish.  Among  the  substances  which  have  proved  directly  poisonous  are 
the  refuse  of  gas  tanks,  mine  washings,  chloride  of  lime,  caustic  potash,  and  the 
refuse  from  manufactories,  paper  mills,  bleaching  grounds,  tanneries,  or  sewers. 
Also  artificial  root  manure  washed  into  livers  from  cultivated  fields,  sheep 
dippings,  and  other  destructive  agencies.  The  more  rapid  the  current,  the  more 
quickly  are  the  poisons  dispersed  and  diluted  ;  consequently  the  less  chance  of  their 
being  immediately  fatal  to  the  fish,  but  they  may  be  permanently  injured  thereby 
and  possibly  give  rise  to  a  debilitated  offspring  and  infirm  race  (see  p.  27  ante). 

(2.)  Atmospheric  disturbances,  accidents,  and  a  great  rise  or  a  similar  fall  in 
the  temperature  may  be  destriTctive,  thus  a  severe  frost  may  freeze  the  redds 
wherein  the  eggs  are  deposited  and  destroy  their  vitality  (p.  35  ante),  while  too 
high  a  temperature  is  very  fatal  to  the  young.  Electric  disturbances  may  likewise 

*  "  In  Ireland,  during  July  and  August,  brown  sahnon  from  the  soutli  coast  are  frequently 
poisoned  and  consigned  to  England  for  sale :  any  fish  having  white  gills  and  white  eyes  are 
certainly  poisoned  lish  and  naturally  unwholesome  as  food." — Field,  July  19th,  1884. 

•j-  I  obsei-ved  in  British  and  Irisli  Fishes,  p.  civ,  that  "when  a  river  in  India  becomes  unduly 
full  of  mud  the  crabs  retire  to  the  banks,  and  even  the  eels  leave  the  stream  for  the  wet  grass  in 
the  vicinity.  This  attempt  to  escape  from  water  loaded  with  ingredients  inimical  to  life  has 
likewise  been  observed  among  the  invertebrate  forms  of  Europe,  as  was  some  years  since  pointed 
out  by  M.  Gerardin,  in  France.  A  series  of  experiments  and  investigations  showed  that  colour, 
taste,  odour,  or  chemical  composition  cannot  invariably  be  accepted  as  criteria  of  whether  water 
is  wholesome  or  the  reverse,  but  that  such  must  be  looked  for  in  its  effect  upon  the  animals  and 
plants  which  reside  in  it.  When  fish  died  from  river  pollution  it  was  observed  that  molluscs 
sometimes  saved  themselves  by  hiding  under  leaves  and  waiting  there  until  the  danger  had  passed 
away:  thus,  in  July,  1869,  Limnea  remained  five  days  out  of  the  water. 

Among  plants,  one  of  the  most  delicate  was  found  to  be  the  watercress,  and  it  was  remarked 
that  when  some  deleterious  substance  from  a  starch  factory  obtained  access  to  the  Croult  above 
the  cress-beds  of  Gonesse,  all  these  plants  died  within  a  few  hours  :  the  pollution  removed,  the 
cress-beds  again  flourished.  Pond  weeds  and  veronicas  only  live  in  water  of  good  quality  ;  mints, 
rushes,  and  water  lilies,  accommodate  themselves  to  mediocre  water  ;  Carex  is  still  less  sensitive; 
and  lastly,  the  most  robust  of  water  i^lants  is  a  species  of  reed,  Arundo  plireujmites,  which  resists 
the  most  infected  water.  Among  molluscs,  the  Plnjsa  fontinalis  lives  only  in  very  pure  water,  the 
Valvata  2^iscinalis  in  that  which  is  healthy,  while  others  can  reside  in  that  which  is  of  mediocre 
quality  ;  no  mollusc  will  live  in  what  is  thoroughly  polluted.  The  phanerogamous  or  flowering 
plants  thus  sketch  in  distinct  traits  the  character  of  different  streams  ;  but  infusoria  and 
cryptogams,  and  particularly  alga\  may  also  enable  one  to  judge  in  the  matter  by  the  modifications 
to  which  they  are  subject  from  alterations  of  the  water.  Those  lower  organisms  survive  after 
the  disappearance  of  fish,  of  molluscs,  and  of  green  herbs." 


110  SALMONID^   OF  BRITAIN. 

be  a  cause  of  death  among  these  fishes;  thus,  on  July  3rd,  1866,  several  salmon  iu 
Scotland  were  reported  to  have  been  killed  by  lightning  during  the  intensely  hot 
weather  which  was  then  prevalent.  Also  thunderstorms  may  cause  a  rush  of 
waters  from  roads,  lanes  and  sewers,  sweeping  with  it  every  kind  of  filth,  without  a 
sufiicient  flood  iu  the  river  to  carry  it  off.  Dynamite  employed  for  blowing  up  the 
remains  of  the  Tay  bridge  destroyed  fishes  as  far  as  a  couple  of  miles  away. 

(3.)  Diseases  may  directly  attack  these  fish  whether  developing  in  the  eggs,  in 
the  stage  of  infancy,  or  as  they  mature,  while  some  may  be  badly  developed 
occasioning  monstrosities,  or  malformed  consequent  upon  accident  (p.  41  mite). 
Space,  however,  will  not  permit  an  account  of  the  numerous  affections  to 
which  fishes  are  subject,  especially  the  young  (see  p.  46),  from  fungus  to 
the  many  diseases  of  a  contagious  or  non-contagious  character.  There  are  certain 
animal  parasites  which  affect  fish  that  may  be  chiefly  divided  into  such  as  are 
internal  or  entozoa,  and  others  that  are  external  or  epizoa,  also  infusoria  and 
parasitic  fungi.  Entozoa*  are  very  common,  and  one  form  (Botliriocephalus)  is  a 
common  resident  in  the  pyloric  cjeca  of  salmon:  in  fact,  tapeworms  would  seem  to 
be  numerous,  but  most  of  these  entozoa  undergo  transformation  after  changing 
their  abode  the  final  most  frequently  occurring  in  a  water  bird.  Epizoa  are 
likewise  seen  as  small  crustaceans,  and  those  which  are  of  most  consequence  to  the 
salmon  are  of  two  classes ;  first,  such  as  are  more  essentially  surface  forms,  as  fish 
lice,  that  are  able  to  move  from  place  to  place  by  means  of  their  hooked  and 
prehensile  antennfe,  or  even  leave  the  fish  and  swim  freely  in  the  water.  A 
parasite  of  this  class,  Lepeoptheirus  stromii,  Baird,  belonging  to  the  family  Cali- 
gulidas,  is  found  upon  salmon  when  first  arriving  from  the  sea,t  for  they  will  only 
live  in  salt  water ;  while  by  means  of  their  foot  jaws  they  adhere  to  the  body,  on 
which  they  are  able  to  move  about  from  one  locality  to  another.  They  are  most 
commonly  found  in  the  gill-cavity  or  inside  the  mouth,  and  they  generally  die 
soon  after  being  removed  from  the  water.  Milller  and  Fabricius  both  supposed 
that  these  parasites  lived  upon  the  muciis  secreted  from  the  fish.  The  second 
class  of  these  epizoa  are  more  sedentary  forms,  belonging  to  the  family  Lerneo- 
podadte,  and  which  frequently  have  their  heads  imbedded  in  their  victims'  bodies. 
In  fresh  waters  the  gills,  more  especially  of  kelts,  become  attacked  by  a  parasite, 
Lerneopoda  sahnonea,  Linn.,  belonging  to  this  family.  Some  imagine  that  it 
chiefly  fixes  itself  to  the  Sahnonidce  prior  to  spawning,  while  others  believe  that  it 
mainly  does  so  to  kelts  returning  seawards :  it  dies  from  immersion  in  salt  water. 

Parasitic  fungi  may  also  occur,  and  of  late  years  one  of  a  contagious  and 
destructive  character  has  been  very  vii'ulent  in  our  fresh  waters,  and  epidemic 
since  1878.  This  is  the  Saprolegnia  ferax,  which  has  probably  always  been  present  J 
but  requires  a  soil  suitable  for  its  germination  and  growth,  and  although  some  of 
the  following  are  in  certain  places  predisposing  causes  to  this  fatal  complaint,  still 
it  has  been  observed  where  none  such  could  have  existed.  Debility,  however  occa- 
sioned, seems  to  render  these  fishes  susceptible  to  the  disease,  especially  after 
injuries  causing  abrasions,  as  in  kelts  after  the  breeding  season  or  having  been 
netted,  also  unspent  forms,  but  young  fish  may  be  also  affected.  Frosts,  droughts, 
and  polluted  waters  favour  its  extension,  while,  possibly,  were  fewer  kelts  pre- 
served and  our  rivers  piirer  we  should  see  less  of  the  disease,  especially  where  the 
currents  are  rapid.  Rock  salt  has  been  found  to  be  the  best  mode  of  treatment  in 
fish  ponds  and  aquaria ;  and,  while  migrating  to  the  sea  Avould  seem  to  arrest  the 
fungus,  it  is  not  certain  that  it  will  not  reappear  on  the  salmon's  return  to  the  river. 
Once  this  fungus  has  attacked  a  fish,  it  may  become  the  nucleus  from  which 
infection  spreads,  and  within  twenty-four  hours,  thousands  of  zoospores,  which 

*  Cooking  fish  infested  with  worms  destroys  the  vitality  of  the  latter,  while  they  could  not 
live  in  the  human  body. 

f  It  has  been  assumed,  and,  I  believe,  witli  reason,  that  when  salmon  are  captured  with 
parasitical  CaUgi  upon  them,  they  cannot  have  been  long  from  the  sea  ;  still,  so  far  as  I  know, 
experiments  are  still  desirable  to  ascertain  whether,  if  the  fish  came  gradually  into  brackish  and 
subsequently  into  fresh  waters,  these  parasites  would  immediately  succumb. 

X  It  is  mentioned  in  the  Fish  Commission  Report,  1860,  as  existing  epidemically  in  the 
Severn  four  or  five  years  previously  (pp.  233,  234). 
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may  be  popularly  termed  minute  p^crms  or  seeds  provided  with  cilia,  rendering 
them  capable  of  spontaneous  motion,  may  become  dillused  tlirough  the  water. 
These  germs  *  arriving  at  a  suitable  spot  develop  into  a  fungus,  and  such  a 
locality  is  fouml  in  au}'  abraded  spot  on  the  body  of  a  fish,  where  its  roots  strike 
downwards  into  the  llesh  and  its  free  extremities  come  to  the  surface,  forming 
the  white  fungus  which  has  been  aptly  compared  to  the  appearance  of  a  piece  of 
cotton- wool  in  water  or  a  white  furry  spot,  and  is  so  destructive  to  li.sh  suliering 
from  this  disease,  consequent  on  exhaustion,  irritation  or  suffocation  when  the 
respiratory  organs  are  affected. 

(4.)  Misplaced  energy  in  fishing,  or  the  work  of  the  poacher,  is  often  very 
detrimental  f  to  salmon  fisheries,  but  is  a  subject  which  must  be  separately  consi- 
dered. While  legislators  ought  to  clearly  understand  that  increased  present 
productiveness  may  be  carried  on  at  the  expense  of  future  years'  supply,  and  that 
multiplying  modes  of  destruction  does  not  invariably  tend  to  the  benefit  of  either 
the  fisherman  or  the  consumer,  also  that  leaving  merely  young  or  undersized  fish 
to  continue  their  race  is  a  potent  means  of  fisheries  deteriorating. 

(5.)  Injuries  occasioned  by  the  lower  animals  ai'e  numerous,  and  differ  con- 
siderably in  the  adult  stage  from  what  they  do  among  the  ova  and  young.  Along 
the  sea  coasts,  in  estuaries  and  the  mouths  of  some  rivers,  porpoises,  seals,  gram- 
pusses  and  their  allies  commit  great  havoc  among  salmon  and  grilse.  While  in 
rivers  especially,  or  spawning  beds,  otters  are  very  destructive ;  but  they  are 
credited  wdth  destroying  eels,  which  are  very  detrimental  to  these  fisheries.  Some 
also  believe  that  they  act  serviceably  by  capturing  weak  and  diseased  fish  as  they 
come  on  to  the  shallows,  in  a  debilitated  condition,  and  so  curtail  the  spread  of 
disease,  but  on  the  other  hand  some  hold  that  they  prefer  healthy  to  diseased  forms. 
Irrespective  of  mammals  and  birds  which  have  been  alluded  to  as  detrimental  to 
eggs  and  young  fish  (p.  28  a7ite)  there  are  some  birds  that  likewise  attack  adult  fish, 
as  the  great  black-beaked  gull,  Larus  marhms,  which  on  account  of  its  well-known 
partiality  is  termed  a  "salmon  gull "  by  the  fishermen,  in  the  lower  reaches  of 
the  Severn.  This  river  falls  with  great  rapidity,  while  owing  to  the  shifting  nature 
of  its  sands  its  course  frequently  alters  and  consequently  it  is  not  uncommon  on 
falling  tide  for  salmon  to  be  left  in  a  backwater.  Now  these  gulls  at  once  attack 
and  kill  them,  commencing  by  picking  out  their  victims'  eyes  with  their  powerful 
bills.  Many  forms  of  birds  and  fish  will  also  eat  the  young  salmon  smolts  ;  and  at 
the  mouths  of  some  rivers,  as  that  of  the  Tweed,  so  many  are  destroyed  by  the 
coal-fish,  Gaclus  virens,  termed  "podles,"  that  men  are  employed  to  destroy  these 
members  of  the  cod  family  as  vermin.  J     Trout,  as  has  already  been  observed,  are 

*  Mr.  Murray  experimented  upon  fish  which  were  inhabiting  aquaria  at  South  Kensington,  and 
suffering  from  Saprokguia  ferax,  although  the  fungus  was  not  present  in  the  water  suppUed.  He 
found  this  fungus  in  some  earthworms  which  had  been  obtained  from  outside  the  Museum,  where 
the  bones  of  fish  which  had  died  of  this  disease  had  been  buried,  and  from  which  spot  worms  had 
twice  been  obtained  to  feed  the  aquatic  animals  in  the  tanks.  Mr.  Murray  concluded  that  "the 
agreement  thus  established  forces  upon  me  the  conclusion  that  the  infectious  material  was 
obtained  from  the  dead  fish  cast  out :  that  during  the  damp  weather  it  remained  alive  in  its  resting 
state,  and  was  spread  about  by  earthworms,  and  that  it  was  finally  conveyed  by  them  into  the 
tanks  where  the  outbreak  took  place." — Annual  Report  of  Inspector  of  Fisheries. 

t  On  the  other  hand  respecting  this  disease  a  correspondent  of  Land  and  Water  remarked: 
"  In  the  good  old  days  when  '  waters '  let  at  as  many  pounds  as  they  now  do  hundreds  of  pounds  : 
when  every  man  leistered  and  netted  and  burned  and  fished  as  suited  his  own  pleasure :  when 
close  time  was  unknown,  and  fish  were  killed  on  the  spawning  beds  by  thousands,  there  were 
twenty  fish  at  least  \yhere  there  is  now  one."  To  this  it  was  replied,  that  even  supposing  over- 
crowding were  injurious,  the  cause  of  that  overcroAvding  in  some  rivers  cannot  be  due  to  over 
preservation  ;  the  number  of  salmon  and  grilse  having  steadily  diminished  in  the  Tweed  from  an 
annual  average  of  37,485  in  five  years,  1854-58,  to  25,988  in  the  five  years  18G9-74. 

X  It  has  been  suggested  that  swans  might  be  useful  in  salmon  streams,  or  rather  lakes,  in 
order  to  devour  the  enormous  masses  of  ova  of  perch  and  pike,  and  so  diminish  their  predaceous  foes. 

"Nahanik,"  in  Land  and  Water,  September  20th,  188G,  observed  of  the  salmon,  that  "  there  was 
a  river  in  that  district,  a  tributary  of  the  Shannon,  famous  for  salmon  and  white  trout.  In  my 
boyish  days  these  fish  were  killed  in  every  way.  There  were  eel  weirs  on  every  ford,  and,  when 
the  salmon  and  trout  were  running,  they  were  caught  in  thousands  at  the  weirs,  or  were  speared 
by  torchlight.  Between  1840  and  1850  all  the  eel  weirs  were  taken  away  by  Act  of  Parliament, 
and  afterwards  all  the  salmon  and   white   trout   disappeared.      I  took  a  great  deal  of   trouble 
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very  destructive  to  salmon  eggs,  while  salmon-kelts  destroy  trout,  and  eels  have 
been  accused  of  doing  great  injury.* 

Respecting  the  salmon  fisheries  of  the  British  Isles  no  accurate  statistics  exist, 
and  fancy  seems  occasionally  to  have  filled  in  what  facts  were  unable  to  demon- 
strate. The  annual  value  of  these  fisheries  has  been  estimated  at  the  present  time 
to  be  as  follows  :— England  £100,000,  Scotland  £250,000,  and  Ireland  £400,000. 
They  are  divisible  into  those  of  the  fresh  waters  and  such  as  are  carried  on  in 
estuaries  or  in  the  sea.  The  Commissioners  appointed  to  inquire  into  the  Salmon 
Fisheries  of  England  and  Wales  in  1860  stated  that  they  "  found  the  fisheries 
generally  in  a  state  of  lamentable  depression."  While  Mr.  Willis-Band,  in  May, 
1886,  remai'ked,  "  There  is  no  river  in  England  and  Wales  where  each  rod  fisher- 
man on  the  present  return  catches  a  yearly  average  of  ten  salmon."  Also  it  had 
been  observed  by  Mr.  Eden,  Fortnightly  lievieiu,  Nov.  1st,  1881,  that  taking  nine 
rivers  in  1880,  those  who  had  bred  the  fish  took  1237,  those  who  netted  them 
52,563.  In  the  Severn,  rods  captured  15  fish  and  nets  16,000,  including  the 
estuary. 

It  has  been  questioned  whether  the  amount  of  salmon  in  our  rivers  is  really 
much  less  than  was  formerly  the  case.  It  can  be  shown  that  they  have  been 
exterminated  from  the  Stour,  the  Itchon,  the  Medway,  the  Avon,  and  the  Thamesf 
in  England.  In  Scotland,  the  Pifeshire  Leven  no  longer  contains  salmon,  in  the 
Tay  district  the  Almond,  Ericht  and  Dighty  are  ruined  from  pollutions,  and  many 
other  rivers  are  greatly  injured.  Mr.  Blake,  in  1874,  writing  of  his  Irish  district, 
extending  from  Wicklow  Head  to  Rossan  Point,  stated  that  due  to  pollutions  nearly 
every  river  in  the  County  Down  had  been  destroyed  as  a  salmon  producer.  While 
stopping  pollutions  has  been  found  so  difficult  and  expensive,  that  the  polluters 
appear  to  have  it  all  then'  own  way. 

Although  many  authors  have  of  late  years  held  that  the  widely-spread  belief 
that  laws  formerly  existed  prohibiting  giving  salmon  to  servants  or  apprentices 
more  than  three  times  a  week  was  a  popular  fallacy,  it  seems  more  probable  that 
it  is  the  recent  authors  themselves  who  are  in  error.f     What  the  reasons  may 

in  preserving  that  river  from  1860  to  1880,  and  some  salmon  came  back  to  it,  but  the  white  trout 
never.  It  was  full  of  brown  trout,  and,  in  the  autumn,  of  the  big  lake  trout ;  but  the  salmon  and 
white  trout,  that  it  used  to  be  famous  for  before  "the  bad  times"  (1848  to  1854),  never  came  back. 
The  head  waters  of  these  rivers  were  quite  changed  in  the  draining  works  about  that  time,  and 
some  say  this  was  the  reason.  This  I  would  believe,  but  that  elsewhere  in  Ireland  there  has  been 
a  similar  failure  on  rivers  where  there  have  not  been  any  drainage  works.  Taking  away  the  eel- 
weirs  I  suspect  must  be  detrimental  to  the  salmon  and  white  trout,  as  there  are  no  greater 
destroyers  than  the  eels." 

*  The  returns  of  the  number  of  boxes  of  British  and  Irish  salmon,  averaging  112  lb.  each,  sent 
to  Billingsgate  Market,  give  the  following  results  for  the  last  ten  years  : — 

1876.     1877.     1878.     1879.     1880.     1881.     1882.     1883.     1884.     1885. 
Enghsh  and  Welsh  ...      1508      1G08      1224      1898      2028      1890      2186      2271      1600      1897 

Scotch  25,645  29,366  27,660  15,564  17,457  23,905  22,968  34,506  27,219  30,362 

Irish 7064      6373      4273      5762      9669  10,633      4720      9033      5979     8375. 

t  Captain  Eichard  Franks,  in  his  Northern  Memoirs,  edition  1821,  p.  133,  writing  of  Stirling 
in  1658,  remarked  that  "burgomasters,  as  in  many  other  parts  of  Scotland,  are  compelled  to 
reinforce  an  ancient  statute,  that  commands  all  masters  and  others  not  to  force  or  compel  any 
servant  or  an  apprentice  to  feed  upon  salmon  more  than  thrice  a  week."  At  Inverness  a  century 
later  Burt  tells  us  {Letters  from  the  North  of  Scotland,  1754)  salmon  which  sold  at  one  penny  a 
13ound  "was  by  a  late  regulation  of  the  magistrates  raised  to  twopence  a  pound,  which  is 
thought  by  many  to  be  an  exorbitant  price"  (p.  121),  "the  meanest  servants,  who  are  not  at 
board  wages,  will  not  make  a  meal  upon  salmon  if  they  can  get  anything  else  to  eat  "  (p.  129) — ■ 
mutton  and  beef  were  then  about  one  jjenny  a  jiound.  Sir  Walter  Scott  {Old  Mortality,  1816)  stated, 
"  At  that  period  (1679),  salmon  was  caught  in  such  plenty  in  the  considerable  rivers  of  Scotland 
that  instead  of  being  accounted  a  delicacy,  it  was  generally  applied  to  feed  the  servants  who  are 
said  sometimes  to  have  stipulated  that  they  should  not  be  requested  to  eat  a  food  so  luscious  and 
surfeiting  in  its  quality  over  iive  times  a  week  "  (cap.  viii). 

In  Notes  and  Queries  for  May,  1857,  the  following  quotation  was  given  from  Coursell's 
History  of  Gloucester : — "  It  was  a  standing  condition  of  apprenticeship  that  the  apprentice  should 
not  be  obliged  to  eat  salmon  more  than  thrice  a  week,  the  object  being  to  render  him  less  liable  to 
the  leprosy,  which  after  the  crusades  in  the  Middle  Ages  was  a  formidable  disease,  that  was 
supposed  to  be  brought  on  or  aggravated  by  the  eating  of  fish."  In  a  History  of  Worcester  (1808, 
p.  48),  the  existence  of  this  proviso  was  asserted  as  a  well-known  fact.  The  late  Thomas  Bewick, 
the  great  wood  engraver,  in  a  letter  dated  April  26th,  1824,  wrote  as  follows  to  Mr.  Pease,  banker, 
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have  been,  whether  salted  fish  wore  roferrccl  to  as  has  been  supposed,  or  whether 
this  prohibition  was  introduced  after  the  Crusades,  because  badly  salted  fish 
predisposes  to  leprosy  (as  it  most  undoubtedly  does),  we  have  now  but  little 
evidence  to  foil  back  upon.  It  has  also  been  advanced  that  this  regulation 
may  have  been  for  the  purpose  of  preventing  masters  giving  their  apprentices 
"  kelts"  as  food,  which  are  readily  captured  after  spawning  and  might  have  been 
salted  down.  This  seems  very  unlikely,  for  if  kelts  were  prohilnted  by  British 
Legislators  from  being  used  by  the  rebellious  Irish  for  food  so  early  as  1G45,*  it  is 

at  Ncwcastlc-on-Tyne,  "  when  a  boy,  from  about  the  year  17C0  to  17G7,  I  was  frequently  sent  by 
my  parents  to  the  fishermen  at  Eltringham  Ford  to  purchase  a  sahnon.  I  was  always  told  not 
to  pay  twopence  a  pound,  and  I  commonly  paid  only  a  penny,  and  sometimes  three  halfpence, 
before  or  perhaps  about  this  time.  I  have  been  told  that  an  article  had  been  always  inserted  in 
every  indenture  of  apprenticeship  in  Newcastle  that  the  apprentices  were  not  to  be  ^forced  to  eat 
salmon  above  twice  a  week,  and  the  same  bargain  was  made  with  common  servants." 

I  may  here  allude  to  the  evidence  of  Mr.  Little  on  this  point,  given  to  the  Parliamentary 
Committee,  in  1824  ;  he  remarked,  "  I  have  been  told,  from  inquiring  of  people  with  respect  to  the 
fishings  in  the  Severn,  that  the  salmon  were  formerly  very  abundant  all  along  the  Bristol  Channel 
—so  much  so  that  in  the  apprentices'  indentures  it  was  a  clause  that  they  should  not  be  fed  with 
salmon  more  than  two  days  in  the  week  "  (p.  134).  ,    ,  ,,    ^ 

Murdo  :\Iackenzie,  ISfiO,  in  Salmon  Fisheries  of  Scotland,  p.  6,  also  remarked  that  "  servants 
of  farmers  used  to  stipulate  with  their  masters  that  they  should  not  be  obliged  to  eat  salmon 
except  on  a  certain  number  of  days  in  the  week."  ■,    ,      •  ^      ^■ 

In  the  Rejyort  of  the  Salmon  Commission,  18G0,  it  was  observed,  "We  heard  also  m  every  locahty 
that  we  visited  that  it  was  in  former  times  a  condition  commonly  made  in  indentures  of  apprentice- 
ship that  the  apprentice  should  not  be  obliged  to  dine  on  salmon  more  than  twice  or  three  times 
a  week.  We  endeavoured  to  obtain  a  sight  of  one  of  these  instruments  but  without  success,  though 
we  met  with  persons  who  stated  they  had  seen  them,  and  the  universal  prevalence  of  the  tradition 
seems  to  justify  belief  in  it"  (p.  vi).  .       ,        .       . 

Mr.  Partridge,  j.p.,  when  giving  evidence  before  the  Commissioners  appointed  to  inquire  into 
Salmon  Fisheries  in  18G0,  observed  "  that  in  all  the  indentures  of  apprenticeship  of  the  period 
there  was  a  stipulation  that  the  apprentices  should  not  eat  fish  more  than  so  many  times  a  week. 
You  will  find  that  in  the  Hereford  charter  and  in  many  other  places"  (p.  41). 

In  M'Culloch's  Dictionary  of  Commerce,  1869,  we  read  that  "within  the  memory  of  many 
now  living,  salted  salmon  formed  a  material  article  of  household  economy  m  all  the  farmhouses 
in  the  Vale  of  Tweed,  inasmuch  that  indoor  servants  used  to  stipulate  that  they  should  not  be 
obliged  to  take  more  than  two  weekly  meals  of  salmon.  What  is  true  of  Tweedside  might  also  be 
so  of  any  other  salmon-producing  district ;  and  I  have  just  heard,  on  the  authority  of  a  lady  lately 
residing  near  Nairn,  that  similar  stipulations  were  made  in  her  father's  house  in  that  neighbour- 
hood within  her  own  recollection.  Although  such  agreements  were,  in  the  case  of  domestic 
servants,  probably  never  committed  to  writing,  and  perhaps  rarely  even  in  that  of  articles  of 
apprenticeship,  it  seems  not  improbable  that  a  custom  apparently  so  common  might  be  incident- 
ally referred  to  in  the  correspondence  of  that  period.  An  examination  of  the  rich  collection  at 
Dunrobin  Castle  has  as  yet,  however,  furnished  no  evidence,  save  indirectly,  in  connection  with 
the  cheapness  of  the  commodity  in  question,  which  seems  to  have  been  occasionally  sold  at  less 
than  a  penny  a  pound."  .    .      ,  i    <,-n  i    ^i 

In  Kidd's  Companion  to  Southampton  and  the  Isle  of  Wight,  it  is  observed,  "  Formerly  the 
salmon  fishery  was  carried  on  here  (Southampton)  with  much  success,  and  a  few  of  them  are  still 
occasionally  taken.  So  abundant  was  the  supply  that  farm  servants  and  apprentices  used  to 
stipulate  with  their  masters  that  they  should  not  have  salmon  for  dinner  more  than  twice  a 

A  gentleman  writing  to  me  from  France  in  1884  observed,  "  The  story  of  the  apprentice  not 
being  compelled  to  eat  salmon  more  than  thrice  a  week  I  found  current  on  both  the  Rhine  and 
the  Elbe,  showing  that  the  decrease  of  salmon  is  general." 

I  have  also  been  informed  by  a  German  lady  that  in  and  near  the  towns  of  Schlawe  and  Stolpe, 
in  Eastern  Pomerania,  situated  not  far  from  the  sea  and  on  the  banks  of  the  rivers  Stolpe  and 
Wipper,  servants  of  both  sexes  at  the  annual  hiring  before  1850  invariably  stipulated  that  they 
should  not  have  meals  of  salmon  more  than  three  times  a  week.  This  fish  was  served  to  them 
fresh  and  very  rarely  cured.  But  by  the  year  1854  this  stipulation  began  to  be  no  longer 
observed,  as  the  price  had  risen  to  5d  per  pound,  flounders  to  four  a  penny,  and  herrings  to 
from  six  to  twelve  for  a  Ud.  Prices  after  this  rapidly  increased,  salmon  rising  to  8d  a  pound, 
and  flounders  to  two  for  U^d.  About  1860  a  disease  broke  out  among  the  fishes  along  the  coast, 
proving  very  fatal  to  salmon  and  flounders.  About  this  period  the  Government  stopped  all  sea 
fishing  for  four  seasons,  or  two  years,  consequently  the  only  fish  in  the  markets  were  those  from 
inland  lakes.  Salmon  since  1860  have  risen  to  such  prices  that  they  are  out  of  the  reach  of  any 
but  the  richer  classes,  having  become  a  luxury,  while  their  size  has  much  decreased.  From  1860, 
due  to  the  diminution  in  the  number  of  these  fish,  their  capture  has  become  a  lottery,  and  the 
Jews  have  contracted  with  the  fishermen  for  their  takes,  which  they  smoke,  pickle,  or  otherwise 
cure,  and  now  their  very  entrails  fetch  from  2d  to  3d  a  fish. 

*  See  page  98  ante.  „ 

o 
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improbable  tbey  -would  have  permitted  masters  in  England  feeding  tbeir  servants 
upon  them.  That  such  prohibitions  were  not  unknown  in  other  countries  can  be 
demonstrated,  thus  in  Western  Pomerania  on  the  river  Oder  and  its  affluents,  the 
monastic  accounts  show  that  a  regulation  was  in  force  prohibiting  salmon  being 
given  as  food  more  than  three  days  in  a  week  (Gadow). 

As  regards  the  price  of  salmon  we  are  told  that  about  a.d.  1754  it  was  raised 
at  Stirling  from  one  penny  to  twopence  a  pound,  while  mutton  and  beef  could 
be  obtained  at  a  penny  a  pound.  Burt  (p.  129)  also  observed,  1754,  that  "a 
Highland  gentleman  who  went  to  London  by  sea,  soon  after  his  landing  passed  by 
a  tavern  where  the  larder  appeared  to  the  street,  and  operated  so  strongly  upon 
his  appetite  that  he  went  in.  That  there  were  among  other  things  a  rump  of  beef 
and  some  salmon  :  of  the  beef  he  ordered  a  steak  for  himself,  '  but,'  says  he,  '  let 
Duncan  have  some  salmon.'  To  be  short,  the  cook  who  attended  him  humoured 
tbe  jest  and  the  master's  eating  was  8fZ  and  Duncan's  came  to  almost  as  many 
shillings."  In  a  petition  from  the  inhabitants  near  the  Eden  in  1805  it  was  stated 
that  the  cost  of  fish  from  the  Solway,  owing  to  the  destruction  of  the  breed  of 
salmon  and  the  monopoly  of  two  persons,  had  augmented  the  cost  from  Sd,  2d  and 
l^d  to  Is,  Is  6d  and  2s  a  pound. 

But  there  are  many  disturbing  circumstances  which  render  it  difficult  to 
compare  the  price  charged  a  century  ago  to  what  obtains  at  the  present  time,* 
thus  consequent  upon  temporary  large  hauls  a  local  superabundance  of  salmon 
must  have  occurred  along  the  banks  of  some  of  our  best  fishing  streams.  For 
want  of  carriage  would  have  prevented  their  being  distributed  throughout  the 
country  in  ways  now  practicable  by  steamers,  railways,  improved  roads,  better 
methods  of  conveyance,  and  the  employment  of  ice  in  packing  fish. 

Thus  in  or  near  seaports,  as  Berwick,  Pennant,  writing  in  1776,  informs  us 
that  the  Tweed  fish  were  sent  fresh  to  London  in  baskets  by  sailing  vessels,  unless 
the  craft  was  disappointed  by  contrary  winds,  when  they  were  relanded,  boiled, 
pickled,  and  kitted  and  so  dispatched,  while  other  fresh  ones  replaced  them  in  the 
baskets.  At  the  commencement  of  the  season,  token  a  ship  was  on  the  point  of 
sailing,  a  fresh,  clean  salmon  would  sell  from  \s  to  \s  &d  a  pound,  and  the  price 
at  such  periods  was  from  5s  to  9s  a  stone  of  18  lb.  10|  oz.  weight,  but  the  value 
rose  and  fell  according  to  the  plenty  or  paucity  of  fish  and  the  prospect  of  a  fair 
or  a  foul  wind.  In  the  month  of  July,  when  they  were  said  to  be  most  plentiful, 
the  cost  has  been  known  to  be  as  low  as  8tZ  per  stone,  but  in  1775  never  less  than 
Is  4>d  and  from  that  to  2s  Qd.  While  to  pay  the  expenses  of  the  Tweed 
salmon  fisheries  Pennant  estimated  it  would  be  necessary  to  capture  208,000  fish 
annually. 

Mr.  Little  in  his  evidence  before  the  Salmon  Commissioners  in  1824  (p.  107) 
stated  respecting  the  Moy  fishery  at  Ballina  in  Ireland  that  the  population  were 
hostile  because  "before  we  exported  the  salmon  to  England  from  these  fisheries 
they  got  their  salmon  very  low,  probably  not  more  than  ^d  or  Id  a  pound.  Now 
that  we  export  them  to  England  a  salmon  cannot  be  got  there  at  these  prices.  .  . 
Locally  in  the  spring  months  we  generally  obtain  lOd  a  pound  :  that  is  during 
the  months  of  February,  March,  and  April.  In  other  months  about  6d  ;  say  June, 
July  and  August.  Some  we  sell  as  low  as  3c?.  At  some  of  the  stations  which  are 
away  from  our  ice-houses  we  cannot  get  so  much  for  them."  In  1860  the  Salmon 
Covimissioners  reported  "  it  was  stated,  and  we  do  not  doubt  the  assertion,  that 
salmon  was  sold  fifty  years  ago  in  some  of  the  towns  in  Wales  or  in  Devonshire 
at  M,  2d  and  l^d  a  pound.    .    .    .    The  depreciation  in  the  rentals  of  salmon 

*  Mr.  Russel  wrote  as  follows: — "There  is  a  fallacy  in  measuring  the  difference  between 
former  abundance  and  present  scarcity  by  statements  like  this  or  comparisons  between  past  and 
present  prices.  Some  people  seem  to  forget  that  even  since  the  least  old  of  the  old  times  with 
which  comparison  has  generally  been  made,  the  number  of  mouths  has  at  least  trebled,  and  that 
consequently,  even  if  this  represented,  as  it  does  not,  the  whole  increase  of  consumers,  there 
would  necessarily  be  a  comparative  scarcity,  unless  the  fish  had  trebled  too.  But  the  mouths 
have  not  only  trebled,  they  are  incomparably  more  easily  reached.  In  the  old  times,  though 
there  was  a  glut  at  Berwick  and  Perth,  there  might  be  a  dearth  at  London,  and  probably  an 
entire  destitution  at  Nottingham  and  Derby." 
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fisheries  in  Eiic^land  and  Wales  had  been  f^reat  and  general  and  this  in  the  face  of 
a  larsfe  increase  of  ])rico  and  a  gi-eatly  extended  market." 

U])  to  nearly  the  end  of  the  last  century  the  amount  of  salmon  captured  in 
Scotland  was  in  excess  of  the  local  demands  for  fresh  fish,  and  the  surplus  was 
boiled  and  salted,  or  kitted,  but  as  the  price  of  salt  fish  was  low  there  was  little 
or  no  inducement  for  over  fishing.  Mr.  Mackenzie  observed  that  in  many  rivers 
the  fishing  was  over  by  the  end  of  May,  although  in  some  of  the  later  rivers  it 
continued  a  little  longer,  but  the  salmon  vats  being  by  this  time  generally  full, 
and  the  grilses  were  deemed  of  such  little  importance  that  one-half  of  them 
were  not  destroyed.  About  1780  a  Scotch  laird,  Mr.  George  Dempster  of 
Dunichen,  discovered  that  salmon  packed  in  ice  could  be  conveyed  in  good 
condition  for  long  distances,  which  entii'ely  changed  the  condition  of  affairs,  for 
it  enhanced  the  price  of  the  fish  by  enabling  it  to  be  exported  to  London  and 
other  large  markets.  As  a  natural  consequence  this,  by  enhancing  their  value, 
stimulated  captures,  and  from  that  period  some  authors,  and  Avith  a  good  show  of 
reason,  date  the  decline  of  the  Scotch  salmon  fisheries.  For  the  inducement  to 
take  them  became  comparatively  excessive  and  their  extinction  was  almost 
threatened,  for  more  killing  modes  of  capture  were  brought  into  use.  Stake-nets 
were  introduced  from  the  Solvvay  to  the  Tay  and  subsequently  to  other  Scottish 
friths  ;  increased  captures  were  heralded  as  owing  to  augmented  productiveness,  the 
estuary  and  sea-shore  fishermen  proclaimed  that  the  supply  of  fish  in  the  sea  was 
inexhaustible,  and  the  public  (always  ready  to  listen  to  those  who  are  bearers  of 
what  can  be  considered  as  good  news)  were  beguiled.  It  was  useless  that  the 
proprietors  of  the  river  fisheries  asserted  that  the  suj)ply  of  salmon  was  really 
limited,  it  was  of  no  avail  that  they  pointed  out  that  over-fishing  was  going  on 
along  the  sea-shore  and  in  the  estuaries,  for  no  one  listened  to  their  statements, 
while  the  shore  and  estuary  net  fishermen  boldly  questioned  the  accuracy  of  their 
facts.  The  public  did  not  understand  that  there  was  not  much  positive  increase 
in  the  quantity  of  salmon  taken,  but  more  a  transference  of  the  captures  from 
the  river  proprietors  by  whom  they  had  been  reared  and  to  whose  distinct  they 
were  returning,  to  the  estuary  and  shore  fishermen.  As  the  produce  began  to 
decline  these  latter  at  once  accused  the  river  pi'opi-ietors  of  destroying  breeding 
fishes  and  their  fry,  while  they  denied  that  their  own  fixed  engines  could  be  the 
cause  of  the  deterioration  so  apparent  to  all. 

Space  will  not  permit  my  investigating  the  condition  of  each  river  and 
how  in  some  the  very  race  of  these  fishes  has  been  annihilated.*  Still,  a  few 
remarks  will  be  necessary  in  order  to  demonstrate  how  this  destruction  in  some  of 
our  finest  salmon  fisheries  has  come  to  pass.  For  the  purpose  of  minutely  inquir- 
ing into  the  condition  of  a  salmon  river  in  relationship  to  what  formerly  existed 
many  circumstances  have  to  be  taken  into  consideration,  especially  the  modes  in 
which  it  is  fished  both  in  and  near  its  mouth,  as  well  as  throughout  its  fresh- water 
course.     What  natural  or  artificial  obstructions  are  present,  and  whether  such 

*  Professor  Brown-Goode,  Great  International  Fisheries  Exhibition,  1883,  pp.  27,  28,  remarked, 
"  Up  to  1798  large  numbers  of  salmon  were  caught  in  the  Connecticut  river,  but  from  1870  the 
fish  disappeared  entirely  from  the  river,  and  until  about  1875  no  salmon  whatever  were  seen.  In 
1875,  however,  the  salmon  began  to  apijear,  and  this  was  the  direct  result  of  the  planting  of  a  large 
number  of  eggs  in  that  river  three  or  four  years  previously."  If  we  look  at  the  returns  from 
such  salmon  rivers  as  the  Sacramento,  we  find  the  following  in  the  United  States  Fisherij  Reports  for 
1877,  pp.  801,  802.  "Although  the  salmon  are  increasing  in  the  Sacramento,  it  is  nevertheless  true, 
that  the  yearly  supply  of  young  fish  comes  mainly  from  the  hatching  station  on  the  McCloud 
river,  and  that  consequently  that  supply  must  be  kept  up.  If  this  is  neglected  the  Sacramento 
will  be  depleted  of  salmon."  "  So  great  has  been  the  benefit  of  this  restocking  the  Sacramento," 
it  is  observed  in  the  Bulletin  of  the  United  States  Fish  Commission,  1882,  ii.  p._232,  "  that  the  statis- 
tics of  the  salmon  fisheries  show  that  the  annual  catch  of  the  river  has  increased  5,000,000  lb. 
during  the  last  few  years."  And  Brown-Goode  I.e.  observed  that  the  catch  had  increased  in 
five  years,  from  5,000,000  lb.,  to  15,000,000  lb.,  and  in  1881  there  were  more  than  could  bo 
utilized  by  all  the  canning  establishments  on  the  river.  Passing  over  a  few  years  we  read 
thus  in  the  Sacramento  Union,  August  2nd,  1884;  "  The  salmon-run  in  the  Sacramento  river  has 
decreased  until  it  has  proved  disastrous  to  canneries  and  fishermen.  It  promises  to  become 
extinct.  In  this  dilemma  the  fishermen  threaten  to  violate  the  close  season  and  defy  the  law. 
Sea-lious  are  said  to  destroy  many  young  salmon,  and  the  hatching  on  the  McCloud  river  is 
stopped." 
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could  be  removed  or  modified :  if  the  water  is  polluted  :  any  question  affecting 
the  breeding  of  the  fish  or  the  diseases  they  suffer  from,  in  short,  their  enemies 
and  their  finends  in  the  widest  acceptation  of  these  terms.  For  there  is  a  great 
difference  as  to  the  result  of  killing  these  fish  Avhen  in  various  conditions,_thus  a 
fresh-run  clean  salmon  may  be  one  whose  capture  is  desirable  for  supplying  the 
market  during  certain  seasons  of  the  year.  In  short,  the  destruction  of  one  which 
has  spawned  means  simply  the  death  of  an  individual  fish,  but  the  killing  of  one 
about  to  spawn  is  equivalent  to  the  destruction  of  what  may  be  termed  an  entire 

family.  .  i    -  r      j.i 

It  has  been  the  almost  invariable  rule  wherever  there  existed  a  market  tor  the 
sale  of  salmon  that  whenever  these  fish  from  any  cause  began  to  increase  in 
numbers  so  have  the  engines  for  their  destruction,  and  the  higher  the  price  of  the 
article  the  o-reater  becomes  the  inducement  for  their  capture.  Fishermen  as  a  rule 
mostly  act  on  the  maxim  to  catch  all  they  can,  for  were  they  not  to  do  so  their 
neighbours  would,  while  they  are  very  regardless  of  how  future  years'  supply  is 
to  be  maintained.  The  consequences  may  be  seen,  as  already  stated,  that  these 
fish  are  now  absent  from  the  Thames,*  Medway,  and  some  of  our  other  rivers  {see 
p.  2  ante). 

*  As  regards  the  salmon  fisheries  of  the  Thames  which  were  formerly  esteemed  among  the  most 
celebrated  ui  the  kingdom,  but  are  now  extinct,  we  find  numerous  facts  detailed.  We  are  informed 
that  for  several  centuries  a  tithe  of  Thames  salmon  had  been  claimed  and  allowed  to  the  Abbot 
of  St.  Peter's  at  Westminster,  on  the  plea  that  when  St.  Peter  (according  to  the  legend)  came 
and  consecrated  that  church,  he  promised  the  fishermen  who  ferried  him  across  the  river  a 
plentiful  supply  of  fish  provided  he  ceased  fishing  on  Sundays  and  gave  a  tithe  of  his  captures 
to  the  Abbot.  This  was  paid  until  1382  and  then  stopped,  and  which  is  said  to  be  doubtless  the 
reason  why  salmon  have  now  disappeared  from  this  river.  Mr.  Hepworth  Dixon,  in  a  paper  on  the 
Tower  of  London,  observed  that,  "One  of  the  points  which  King  John  had  been  forced  to  surrender 
to  his  people  was  a  claim,  on  the  part  of  his  Tower-warden,  to  catch  fish  in  the  Thames 
improperly,  by  placing  kidels  in  the  stream.  For  three  or  four  reigns,  the  great  kidel  question  was 
our  chief  domestic  topic  ;  agitating  Essex,  Kent,  and  Middlesex,  especially  the  river-side  taverns  ; 
leadino  to  endless  orders  in  council,  and  many  disorders  in  the  streets.  A  kidel  was  a  weir,  fitted 
up  with  nets  ;  in  fact,  a  dishonest  fish-trap.  The  King's  people  not  only  set  their  own  kidels  m  the 
Thames,  but  sold  their  rights  of  dishonest  fishing  to  others,  so  as  to  interfere  with  the  legitimate 
trade,  to  destroy  the  salmon  and  shad,  and  to  diminish  poorer  people's  food.  Lionheart  tried  to 
settle'  this  kidel  dispute.  In  the  eighth  year  of  his  reign,  being  pressed  by  his  wars,  he  made  a  merit 
of  giving  up  his  right  of  kideling  the  Thames  ;  enacting— as  the  grant  expresses  it— that,  for  the 
salvation  of  his  soul,  for  the  salvation  of  his  father's  soul,  for  the  salvation  of  the  souls  of  all 
his  ancestors,  as  well  as  for  the  good  of  his  realm,  there  shall  be  no  more  kidels.  I  am  sorry  to 
say  his  royal  word  was  not  kept ;  and  it  is  to  be  hoped  that  the  souls  of  these  pious  kings  do  not 
suffer  for  his  servant's  fault.  Even  after  the  Great  Charter  had  been  sworn,  the  Tower  wardens 
put  kidels  into  the  river;  and  you  may  read,  in  the  'Liber  Albus,'  that  they  long  continued  to 
vex  the  fishmongers,  not  only  by  taking  salmon  unfairly  from  the  water,  but  by  seizing  on  any 
stray  waggons  of  oysters,  mussels,  red  herrings,  and  smelts,  which  they  found  coming  into  London 

overland."  ,    ,   ,         .       •.•  i  •  i 

A  petition  to  Edward  IIL  (between  1327  and  1377)  concluded,  "Awaiting  which,  most 
redoubtable  Lord,  if  it  shall  please  your  Highness  thus  to  make  order  for  the  next  three  years, 
all  your  people  repairing  to  London  or  bordering  the  river,  shall  buy  as  good  a  salmon  for  two 
shillings  as  they  now  get  for  ten."  Mr.  Lovegrove  gave  the  Cowtnissioners  in  18G0,  a  list  of  the 
salmon  captured  in  the  Thames  at  Boulter's  Loch  and  Pool  from  1791  to  1821,  two  having  been 
taken  in  this  last  year,  but  none  in  1820.  The  total  numbers  of  fish  for  those  years  inclusive 
were  483,  weight  7346^  lb.  Also  at  p.  75  of  the  Insjiectors  of  Salmon  Fisheries'  Report 
for  1879,  may  be  found  the  following  :— About  1820  a  salmon  of  20  lb.  weight  was  caught 
by  a  fisherman  named  Finmore.  It  was  taken  in  a  deep  hole  near  Surly  Hall,  just  above  Windsor. 
This  was  sold  to  the  king  for  a  guinea  a  pound,  who  then  resided  at  Virginia  Water.  A  salmon 
was  wanted  in  1821  for  the  coronation  of  King  George  IV.,  and  30s  per  pound  was  offered.  No 
salmon  could  be  caught  in  time  for  the  dinner,  but  the  day  after  two  were  caught  between  Black- 
wall  and  Woolwich  Reaches."  In  1830  Mr.  Gould  stated  one  was  caught  at  Monkey  Island  bank 
by  Mr.  Wilder. 

In  the  Field,  May  23rd  1885,  it  was  remarked—"  18G0,  in  which  year  the  occurrence  of  a  salmon 
in  the  lower  part  of  the  Thames  was  reported  in  the  press,  and  following  the  report  was  the 
announcement  that  the  fish  was  the  first  that  had  been  seen  in  the  river  for  twenty  years.  The 
Morninq  Chronicle  corrected  this  supposition  by  stating  that  a  salmon  had  been  caught  in  1859. 
Then  it  was  urged  by  enthusiasts  that  salmon  were  once  more  coming  back  to  the  Thames.  It 
seemed  certain  that  one  was  caught,  though  not  more  than  one,  in  each  of  the  years  1861  and 
1862.  The  Thames  Angling  Preservation  Society,  taking  the  matter  in  hand,  in  1862  hatched 
their  first  salmon  turning  in  several  thousand  fry.  In  1863  two  smolts  were  declared  to  have  been 
caught  off  Southend  at  the  confluence  of  the  Thames  and  the  Medway,  and  Mr.  Buckland,  with 
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For  tho  season  1883-1881  tlio  following  comparutivo  return  of  the  salmon 
cauglit  in  nineteen  fishery  districts  in  England  and  Wales  was  given  in  tliu 
Twenty-fourth  Annual  Report  of  the  Inspector  of  Fisheries,  but  in  tho  Twenty-lift h 
Annual  Report  these  returns  were  omitted.     West  Cumberland,  Gl'J  ;*  Ribble.f 

tlic  hopeful  confidence  that  characterised  his  nature,  at  once  came  to  tho  conclusion  that  they 
were  part  of  the  lot  hatched  in  the  previous  year.  In  the  same  summer  a  salmon  of  5  lb.  was 
cau-'ht  in  thcDarcnth,  which,  as  our  readers  know,  is  one  of  the  lower  tributaries  of  the  ihames. 
In  f8ti4  another  consij^nment  of  young  salmon,  to  the  number  of  7000.  was  turned  into  the 
Thames,  and  in  April  of  that  year  a  fish  of  11:1  lb.  was  caught  in  the  Medway,  where  there  had 
been  no  sahnon  hatching.  In  May,  1864,  another  fish  of  12.^  lb.  was  caught  off  Southend.  The 
enthusiasts  were  again  to  the  fore  with  their  declarations  of  faith  in  the  salmon-breeding  certain- 
ties of  the  Thames."  ,     ,    ,  „   ^   t       i      i 

In  Martin's  Natimd  History  of  England,  1785,  it  was  stated  of  the  now  polluted  and  salmon- 
less  Merst'i/  that  it  "  greatly  abounds  with  salmon,  which  in  spring  strive  to  ascend  the  arm  of  the 
sea,  and  with  difficulty  evade  the  nets  of  tho  fishermen  before  they  reach  Warrington  Bridge, 
where  the  river  becomes  narrower  ;  and  the  landowners  having  an  exclusive  right,  each  proprietor 
by  his  agents,  catches  salmon,  amounting  annually  to  upwards  of  a  thousand  pounds.  By  then- 
capture  the  towns  of  Warrington,  Manchester,  and  Stockport  arc  well  supplied  ;  and  the  overplus 
is  either  sent  to  London  by  the  stages,  or  carried  on  horseback  to  Birmmgham,  and  other  inland 

*  in  the  Fci)ort  of  the  Salmon  Commission  in  1860  wo  are  told  that  half-nets  were  used  in  the 
estuary  of  the  Sohcay  in  the  time  of  Queen  Elizabeth,  and  subsequently  a  stell  or  fixed  engine 
was  employed  at  Kings  Garth  where  it  was  a  complete  barrier  to  the  river.  The  rent  at  this  spot 
was  £15  between  1706-1718,  progressing  till  1730  when  it  was  £300,  by  1763  it  had  risen  to 
£587,  and  continued  rising  until  1781,  when  it  reached  £800.  But  in  May,  1781,  this  stell-net 
was  declared  illegal,  and  there  do  not  seem  to  be  subsequent  records  of  this  fishing  until 
1801-1814,  when  the  rent  was  £32,  and  rose  to  £52,  and  in  1860  it  was  let  at  £157.  10.s.  But  soon 
after  the  commencement  of  this  century  traps  were  invented  and  placed  on  the  English  side 
of  the  Solway,  being  copies  of  some  on  the  Scottish  shore.  In  fact,  so  few  fish  ascended  the  river 
that  the  upper  riparian  proprietors  took  to  killing  the  whitlmgs  and  very  young  salmon,  asserting 
that  they  had  now  no  interest  in  preserving  these  fish.  By  1811  the  captures  had  decreased 
one-half  along  the  estuary.  , ,    ,  j.        i        r.  i 

t  The  Ribble  is  a  very  late  river,  especially  when  easterly  winds  prevail,  and  but  few  clean  fish 
were  reported  in  1860  to  be  taken  before  May,  while  those  captured  during  the  first  week  m 
September  in  the  nets  at  Walton-le-Dale  were  full  of  spawn  and  said  to  be  utterly  unfit  for  food. 
In  this  fishery  in  1834,  214  fish  were  secured,  their  average  weight  being  7-65  lb.  After  a  few 
years,  owing  to  an  increased  length  of  the  close  season,  decreased  hours  of  fishhig,  and  never 
retaining  any  fish  under  61b.  weight,  the  average  rose  to  9-70  lb.  a  fish,  and  m  1859,  442  were 
taken.  In  the  Tees,  about  1830,  stake  nets  were  introduced  and  the  fisheries  at  once  commenced 
to  deteriorate.  Kespecting  the  fisheries  in  the  Wear,  which  is  an  early  river,  the  Surtees  Society 
published  some  records  from  the  archives  of  two  monastic  bodies,  the  Convent  of  Durham  and 
the  Priory  of  Finchdale.  At  the  latter  were  twenty-nine  monks  who  disposed  of  the  surplus  of 
their  fishery  :  in  1348  they  sold  salmon  to  the  amount  of  £9.  12s  6d,  and  to  compare  their  value 
with  other  articles,  it  is  mentioned  that  they  had  purchased  a  bull  and  two  cows  for  £1.  12.s-. 
In  1385  their  receipts  from  the  Finchdale  fishery  were  £11.  2s  Id,  and  in  1388,  £12.  5s  id,  m  1437, 
£5,  in  1438,  £16,  and  in  1439,  £39.  6s  8d.  ..,..„    oap   .i  i        i 

The  Convent  of  Durham  in  1532  bought  252  fresh  salmon,  and  in  ly52,  306,  they  purchased 
every  month  except  January.  They  gave  in  the  first  of  these  years  6s  to  8s  a  dozen  for  salmon, 
either  salted  or  fresh,  2d  for  each  grilse,  and  Id  for  every  trout.  Also  in  1536  they  bought  in 
addition  to  what  they  obtained  from  their  fisheries,  756  sahnon,  and  24  grilses,  a  good  deal  of 
which  came  from  the  Tyne.  ,        .„,«.-,.      •  i.  t,    i,         lli^u 

Pennant  in  July,  1775,  observed  (Tour  in  Scotland,  i.  p.  40)  of  this  river  at  Durham,  The 
common  rents  of  those  (fisheries)  are  £50  a  year,  for  which  the  tenants  have  as  much  shore  as 
serves  to  launch  out  and  draw  their  nets  on  shore  :  the  limits  of  each  are  staked  :  and  I  observed 
that  the  fishers  never  failed  going  as  near  as  possible  to  his  neighbour's  limits.  One  man  goes 
off  in  a  small  flat-bottomed  boat,  square  at  one  end,  and  taking  as  large  a  circuit  as  his  net 
admits  brings  it  on  shore  at  the  extremity  of  his  boundary  where  others  assist  in  landing  it.  He 
continued,  that  "  in  the  middle  of  the  river,  not  a  mile  west  of  the  town,  is  a  large  stone  on  which 
a  man  is  placed  to  observe  what  is  called  the  '  reck  '  of  the  salmon  coming  up."  The  Dean  and 
Chapter  obtained  £450  for  rent  and  tithe,  this  would  require  nearly  13,500  fish  at  8s  a  dozen 
simply  to  pay  for.  In  1860  it  was  stated  that  the  Wear  was  now  so  denuded  of  salmon  that 
it  was  doubtful  whether  any  existed  there,  while  in  1884  it  was  reported  to  be  almost  destitute  of 
fish  consequent  upon  pollutions,  and  since  then  the  Local  Board  have  omitted  to  send  further 

In  the  Coquet,  which  has  been  said  to  be  a  late  river,  in  1860,  the  lessee  of  the  fisheries  being 
asked  as  to  what  is  the  earliest  date  at  which  salmon  comes  up  this  river,  replied,  ''  No  salmon  come 
up  at  all :  we  only  caught  four  salmon  during  the  whole  summer,  and  two  of  them  were  caught 
in  April."  He  added  that  they  do  not  spawn  in  the  Coquet,  and  the  lessee  of  the  sea  fishery 
likewise  asserted  that  trout,  not  salmon,  ascended  this  river  (see  p.  67  ante).  .   ,     ,        , 

In  the  Tyne,  which  is  an  early  river,  fixed  engines  for  the  capture  of  salmon  were  introduced 
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4054  ;  Clwyd  and  Elwy,  2400  ;  Conway,  by  rod,  118 ;  Seiont,  1429 ;  Cleddy,  by 
rod,  250  ;  Usk,  by  rod,  825  ;  Severn,  20,000  ;  Avon,  Brue,  and  Parrett,  600 ; 
Avon  and  Ernie,  excluding  nets,  116  ;  Teign,  1020  ;  Exe,  by  rod,  265  ;  Avon  and 
Stour,  1515  ;  Trent,  3150  ;  Torksliire,  3237  ;  Esk  (Yorkshire),  5940  ;  Tyne,  21,286. 

about  1838-39,  aiul  at  once  the  produce  of  the  fishery  began  to  decline,  so  they  were  abolished 
in  1842  by  an  Act  of  Parliament  within  a  distance  of  4^  miles  on  each  side  of  the  mouth  of  the 
river.  But  the  killing  "hang-net"  now  came  into  use,  and  stake-nets  were  fixed  beyond  the 
4;|-niile  limit.  In  the  river  were  destructive  mill  dams  and  fishing  weirs,  and  the  one  nearest  the 
mouth  of  the  river  at  Bywell  was  most  disastrous  to  the  fisheries,  but  in  1862  a  flood  carried  away 
a  portion  of  this  weir  which  was  not  subsequently  restored.  Fish  being  able  to  pass  this 
obstruction  had  now  twelve  miles  of  good  water  and  other  valuable  breeding  grounds.  Other 
weirs  were  now  altered  or  abolished,  and  in  1867  it  was  stated  that  there  had  "been  a  very 
large  increase  of  salmon  caught  both  by  rod  and  net.  It  was  currently  reported  and  believed  that 
as  much  as  £700  worth  had  been  caught  in  one  flood,  which  was  unprecedented."  In  1884  it  was 
suggested  as  quite  possible  that  the  pollutions  poured  into  the  mouth  of  this  river  being  in  a  more 
than  usually  concentrated  form  owing  to  the  absence  of  floods,  may  have  had  the  effect  of  keepmg 
the  fish  further  away  from  the  most  productive  fishing  grounds  near  the  mouth  of  the  river. 
The  computed  annual  takes  were  thus  estimated,  1880,  27,466  salmon,  1881,  80,098  salmon,  and 
it  was  agreed  that  it  was  of  no  further  use  going  to  the  expense  of  collecting  statistics.  In  the 
Annual  Rejwrt  of  the  Inspector  of  Fisheries  we  are  told  that  in  1888,  32,566,salmon  were  taken, 
and  in  1884,  21,286.  .,     ^      ,         .     •, 

The  Chester  Dee  is  a  medium  river,  few  clean-run  fish  being  obtamed  until  March  or  April, 
while  it  has  every  natural  advantage  of  being  an  excellent  salmon  stream  were  it  not  for  the 
incessant  netting  and  poaching  which  is  carried  on.  The  laws  enacted  in  1861  resulted  m  a 
slight  improvement  by  protection,  but  this  was  soon  neutralized  by  an  undue  employment 
of  destructive  implements  of  capture  in  the  lower  waters.  It  was  only  in  1878  that  trammel 
nets  were  legalized,  which  was  done  because  as  their  employment  could  not  be  stopped,  the 
conservators  deemed  it  better  to  obtain  a  revenue  from  them  to  assist  in  protecting  the  river.  In 
1866  47  draft-nets  paid  for  licenses,  in  1882-83  there  were  63,  in  1884,  85,  and  in  1885,  96. 
But  the  licensed  trammel-nets  had  only  averaged  from  seven  to  eight.  The  following  is  the 
report  of  this  river  for  1885,  that  "  the  draft-nets  have  doubled  in  number  in  four  years  :  that 
the  profits  of  the  fishermen  have  decreased :  that  few  fish  escape  them  during  the  fishing  season : 
that  the  upper  proprietors,  on  whom  the  preservation  of  the  spawning  beds  must  always  in  a 
great  measure  depend,  have  become  dissatisfied  and  disheartened  :  and  that,  whether  the  actual 
decrease  of  the  last  years  is  permanent  or  not,  the  stock  of  fish  in  the  river  fails  to  improve."  _  In 
the  evidence  before  the  Commissioners  in  1860,  it  was  stated  that  during  the  last  fortnight 
of  August  there  are  fish  which  are  not  fit  to  expose  in  the  shops.  Eespecting  the  canal,  Mr. 
Horsfall  observed,  "In  my  opinion  there  are  fry  going  down  every  month  "  (No.  8265).  While 
in  1884  it  was  reported  that  smolts  "  had  been  taken  as  late  as  September  or  October."  The 
average  annual  captures  by  nets  in  three  years,  ending  1883,  were  recorded  as  11,645,  the  least 
being  10,935  in  1882,  and  the  most  12,500  in  1881. 

The  Severn  is  an  early  river,  and  in  1860  complaints  were  made  that  subsequent  to  the 
erection  of  the  weirs  at  Worcester  and  other  places  the  fish  had  found  their  ascent  more  difficult. 
Shad  and  flounders  had  almost  ceased  ascending  to  the  upper  waters,  lampreys  had  been  entirely 
stopped,  and  the  common  eels  had  considerably  diminished  in  numbers:  that  grayling,  which  had 
been  abundant  up  to  1856,  likewise  had  nearly  disappeared.  A  few  fine  clean-run  salmon  ascend 
in  January  and  February,  while  after  the  middle  of  May  "  there  are  plenty  of  samlets  but  no 
salmon-fry."  At  Gloucester,  one  witness  considered  that  clean-run  fish  are  shyer  in  ascending 
weirs  than  gravid  ones,  and  consequently  do  not  so  persistently  push  up.  Mr.  W.  Viner  Ellis 
observed  that,  "  in  1792,  which  was  a  remarkable  year,  in  one  week,  from  29th  of  January  to  the 
5th  of  February,  it  is  on  record  with  us  that  in  four  fisheries  we  caught  292  new  fish,  weighing 
4583  lb."  The  number  of  salmon  reported  as  taken  in  the  river  for  the  five  years  ending  1884, 
gave  the  annual  average  of  20,200  fish,  the  smallest  number  being  15,500  in  1882,  and  the  largest 
30,000  in  1883.  It  would  seem  from  the  recorded  figures  that  occasionally  a  good  year  for 
capturing  salmon  is  followed  by  two  or  three  seasons'  decline  in  the  takes,  while  it  is  sometimes 
the  case  that  for  one  or  two  years  prior  to  a  large  harvest  being  secured  there  have  been  augmented 
captures. 

The  Wye  is  likewise  an  early  river,  and,  as  regards  young  salmon,  we  are  told  in  the  Report  of 
the  Commission  in  1860,  that  people  were  fishing  for  skirlings  that  very  day ;  while  the  chairman, 
on  September  20th  (Question  2670),  asked,  "Are  you  confining  the  term  '  lastpring '  to  the  fish 
that  are  going  to  the  sea  in  the  spring,  or  do  you  include  in  it  the  '  lastpring  '  that  are  in  the  river 
just  now  ?  "  Mr.  J.  Staunton  replied  to  Question  No.  2690,  on  September  20th  :  "  I  would  almost 
engage  to  catch  9  lb.  or  10  lb.  of  lastprings  any  day  at  this  particular  season,  when  the  water  is 
low  "  in  the  small  tributaries. 

The  Usk  is  rather  a  late  river ;  clean  fish  are  found  high  up  about  the  beginning  or  middle  of 
April.  In  1860  evidence  was  adduced  that  the  chief  spawning  period  was  from  the  end  of 
November  to  the  middle  of  January  ;  that  the  first  great  run  of  breeding  fish  up  the  river  was  in 
July  or  August  and  early  in  September  ;  that  every  October  there  was  a  heavy  run  of  fish  ;  and 
that  an  occasional  fish  breeds  as  early  as  October.  Mr.  Stretton  also  observed  that  skirlings  or 
salmon  fry  were  killed  "all  the  way  down  the  river  in  the  spring  and  later  on  in  the  summer" 
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From  early  times  laws  have  been  enacted  in  order  to  prevent  the  extermination 
of  these  fishes,  whether  from  immoderate  capture,  or  to  secure  a  free  passa-e  for 
brecdincr  salmon  from  the  sea  to  their  spawuinrr  beds,  and  a  safe  descent  when 
untit  for  food  or  too  small  for  consumption,  as  well  as  to  obvuite  other  deleterious 
ac>-encics.  It  has  also  been  found  necessary  to  prohibit  each  individual  proprietor 
from  increasin-T  the  efficacy  of  his  methods  of  capture  to  the  injury  of  his  nei<,'li- 
bour  or  that  of  the  general  interest.  For  rivers  only  hold  a  supply  to  a  limited 
amount,  and  should  a  disproportionate  capture  bo  made  at  one  spot,  this  unduly 
diminishes  the  share  which  would  otherwise  accrue  to  the  owners  of  hshenes  in 
the  upper  waters.  It  has  consequently  been  decided  (m  theory)  that  each  hshery 
is  merely  entitled  to  its  share  of  the  general  supply.  ,i    -    •.    • 

In  legislation  there  are  two  main  objects  to  be  considered ;  first  that  it  is 
necessary  in  order  to  prevent  the  depopulation  of  our  rivers  to  regulate  captures 
and  diminish  obstructions  in  its  lower  reaches  and  the  contiguous  seas,  as  well  as 
to  prohibit  pollutions.  And,  secondly,  that  it  is  merely  in  the  upper  waters  and 
afiluents  that  improvement  can  be  carried  out  by  assisting  the  breeding  of  these 
fishes  in  every  necessary  way,  and  giving  them  rest  during  the  spawning  season 
as  well  as  by  protecting  their  eggs  and  young.  _         ■,-,•, 

It  is  evident  that  the  habits  of  a  salmon  compel  it  to  live  when  m  iresli  water 
in  a  locality  where  man  is  able  to  secure  it,  or  else  it  has  to  annually  pass  through 
some  narrow  channel  which  is  capable  of  being  commanded  by  the  fisherman. 

If  salmon  rivers  are  fully  stocked,  which  no  English  ones  are,  it  would  of  course 
be  useless  to  try  and  augment  the  number  of  fish  in  it,  for  even  if  fairly  treated 
they  must  remain  stationary,  and  will  need  protection,  because  as  population 
grows  their  value  as  food  augments,  thus  increasing  the  inducement  for  then- 
capture  and  sale.  When  destruction  passes  certain  limits,  tending  to  rapacity, 
scarcity  sets  in  owing  to  the  fish  being  unable  to  reproduce  as  rapidly  as  they  are 

captured.  ,      /in    ,i       •       • 

In  salmon  fisheries  there  are  at  least  three  forces  at  work:  (1)  the  riparian 
proprietor  who  lets  them  for  rent,  and  sometimes  endeavours  to  realize  all  he  can 
by  them-  (2)  Fishermen  who  hire  them  or  ply  their  occupation  in  waters  that  are 
free,  their  purpose  being  to  capture  all  they  are  able  ;  (3)  Fish  Commissioners 
who,  if  they  were  competent  and  did  their  duty,  should  be  the  advocates  of  the 
fish  to  preserve  them  from  undue  destruction,  and  assist  in  their  due  propagation 
in  order  that  the  greatest  benefits  for  the  community  could  be  obtained  from  the 

■waters.  ,        .   ^  ,        „  •  ,       i  • 

One  peculiarity  of  the  English  laws  relating  to  the  rights  of  proprietorship 
in  salmon  appears  to  be  that  in  the  sea  and  in  tidal  rivers  the  public  have  a 
general  right  to  fish  for  them  (unless  some  private  right  overrules  the  generalone), 
while  in  such  rivers  as  are  not  navigable  this  right  is,  as  a  rule,  vested  m  the 
proprietors  along  either  banks  of  the  stream,  but  which  may  from  some  cause,  as 
by  purchase,  have  become  alienated  from  the  owner  of  the  neighbouring  land. 

The  many  phases  through  which  salmon  legislation  m  the  British  Isles  has 
passed  would  require  volumes  for  its  full  and  clear  explanation.  At  first,  the 
primary  consideration  appears  to  have  been  the  good  of  the  fisheries,  and  devices 
injuriously  affecting  them  were  in  the  earliest  periods  of  English  law  reprobated 
as  public  nuisances.  Especial  attention  was  drawn  m  Magna  Charta,  a.d.  1215, 
to  how  the  Crown  had  attempted  to  disregard  these  laws,  and  permitted  certain 

(1752).  The  annual  average  of  salmon  taken  in  the  Usk  from  1871  to  1884  inclusive,  and  which  was 
effected  solely  by  rods,  .vas  1562,  the  smallest  number  being  566  in  1876,  and  the  largest  3oo6  m  1879. 
As  regards  the  rivers  along  the  Southern  coast,  the  majority,  as  has  been  ah-eady  referred  to, 
are  generally  late  ;  but  it  is  remarkable,  in  the  evidence  adduced  in  1860,  what  fishermen  then 
considered  to  be  a  clean  fish,  for  some  believed  they  might  be  so  up  to  withm  a  week  of  spawning. 
Mr.  Buckland  gave  a  list  of  the  salmon  captured  in  the  public  waters  of  the  Hampshire  rivers, 
Avon  and  Stour,  commencing  prior  to  the  passing  of  the  Act  of  1861.  I*'''^^!  Q^'r :;  i':fn''fi;^ 
1860,  40  fish  ;  1861,  70  fish  ;  1862,  80  fish  ;  1863,  360  fish  ;  1864,  380  fish  ;  I860,  430  fish, 
averaging  14  lb.  each;  1866,  460  fish,  averaging  Hi  lb.;  1867,  317  fish  averaging  12i  lb. ; 
1868,  75  fish,  averaging  9^  lb. ;  1869,  652  fish,  averaging  9|  lb. ;  1870,  873  fish,  averaging  12|  lb. ; 
187i;  549  fish,  averaging  12|  lb. ;  1872,  364  fish,  averaging  12  lb. ;  and  1873,  344  fish,  averaging 
12  lb.  each. 
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individuals  to  set  up  cruives  or  weirs,  and  it  was  enacted  that  "  all  weirs  from 
henceforth  shall  be  utterly  put  down  by  Thames  and  Med  way,  and  through  all 
England,  except  the  sea-coast."*  What  this  exception  referred  to  is  now  a 
mystery,  as  no  fixed  engines  existed  along  the  sea-coast  in  those  times.  It, 
however,  shows  that  salmon  fisheries  as  early  as  the  time  of  Magna  Charta  were 
being  legislated  for  and  protected  as  property.  We  find  especial  enactments 
subsequently  in  the  English  statutes  respecting  allowing  salmon  a  close  time. 
The  13th  Edward  IV,  cap.  47  (  ?  1474),  prohibited  the  taking  of  these  fish  from 
Nativity  of  Our  Lady  (September  8th),  until  St.  Martin's  Day  (November  12th) 
in  the  Humber,  Ouse,  Trent,  Done,  Arre,  Derwent,  Wharfe,  Nid,  Yore,  Swale 
and  Tees. 

Passing  over  numerous  subsequent  Acts  and  how  they  were  more  or  less 
evaded,  we  find  respecting  weirs  the  following  decision  given  at  the  commence- 
ment of  this  century.  The  Lord  Chief  Justice  Ellenborough  in  a  judgment 
(Weld  V.  Hornby,  7  East's  Reports,  p.  195)  proceeded  to  say,  "  The  erection  of 
weirs  across  rivers  was  reprobated  in  the  earliest  periods  of  our  law.  They  w^ere 
considered  as  public  nuisances."  ..."  This  was  followed  up  by  subsequent  Acts, 
treating  them  as  public  nuisances,  forbidding  the  erection  of  new  ones,  and  the 
enhancing,  straightening,  and  enlarging  of  those  which  had  aforetime^  existed." 
..."  And,  however,  twenty  years  of  acquiescence  may  bind  parties  whose 
private  rights  only  are  affected,  yet  the  public  have  an  interest  in  the  suppression 
of  public  nuisances  though  of  longer  standing." 

Subsequent  to  the  Report  of  the  Commission  appointed  to  inquire  into  the  tialmon 
Fisheries  of  England  and  Wales  in  1860,t  and  of  which  Sir  W.  ^Jardine  was 
president,:]:  the  Act  of  1861  was  passed  which  repealed  the  twenty-one  existing 
Acts  and  became  the  foundation  of  our  present  laws.  In  it  polluting  and 
poisoning  rivers  and  the  use  of  lights  and  spears  for  assisting  in  capturing  salmon, 
the  employment  of  small  meshed  nets§  and  new  fixed  engines  in  the  capture  of 

*  "  Omnes  kideUi  deponantur  de  cetero  penitus  per  Tamisiam  et  Medwayan  et  per  totam 
Angliam,  nisi  per  costeram  maris."  {See  9  Henry  III,  c.  23,  when  confirming  Magna  Charta.) 
This  has  been  held  (Lord  Leconfield  v.  Lord  Lonsdale)  to  have  been  enacted  for  securing  a  free 
waterway,  and  that  the  protection  of  fisheries  was  merely  an  afterthought  brought  up  in  1472. 
"A  kiddle  or  Mdcl,  a  dam  in  a  river  to  catch  fish."  (Bailey,  Etymological  Encjlish  JJictionary, 
1747.)  Halliwell,  Dictionary  of  Archaic  and  Provincial  Words,  Edition  ix,  1878,  observed  that 
Blount  defined  it  as  "a  dam  or  open  wear  in  a  river,  with  a  loop  or  narrow  cut  in  it,  accommo- 
dated for  the  laying  of  engines  to  catch  fish."  In  Act  12  Edward  IV,  c.  7,  it  recites  that  one  of 
the  reasons  for  forbidding  the  use  of  kidels  was  "en  salvation  de  tout  frye  de  pesson  procreez  en 
lez  mesmes." 

f  The  Commissioners  reported  that  the  decrease  of  the  salmon  fisheries  was  consequent 
upon  "  (1)  Obstructions  to  the  free  passage  of  fish.  (2)  The  use  of  fixed  engines.  (3)  Defective 
regulation  of  fence  times  or  close  seasons.  (4)  Illegal  fishing ;  destruction  of  unseasonable  fish  ; 
spawning  fish  ;  spent  fish ;  young,  or  fry.  (-5)  The  want  of  an  organized  system  of  management 
of  the  rivers  and  fisheries,  affording  the  means  of  efficient  protection  against  poaching  and  other 
destructive  and  illegal  practices.  (6)  Poisoning  of  waters  by  the  efflux  from  mines.  (7)  Pollution 
of  waters  by  manufacturers,  gasworks,  and  other  nuisances.  (8)  Confusion  and  uncertainty  of 
the  law,  and  difficulty  of  enforcing  its  penalties  against  offenders."     (Page  ix.) 

I  Whether  this  permission  to  extend  the  open  season  after  September  1st  was  a  judicious 
departure  from  the  spirit  of  the  Act  of  1861  has  been  questioned.  Captain  Pinkett,  Chairman  of 
the  Taw  and  Torridge  Fishery  Board,  observed  [Field,  December  18th,  1886),  "  Among  those  who 
had  studied  the  case  the  impression  was  strengthening  that  it  was  an  error  ever  to  have  extended 
the  open  season  after  September  1st.  He  himself  had  not  the  slightest  doubt  that  strict  adherence 
to  the  close  time  of  the  Act  of  1861  would  have  largely  increased  the  summer  harvest  in  the 
estuary  of  the  Taw,  both  in  number  and  in  size."  Although  much  evidence  has  been  adduced  to 
prove  that  this  extension  of  the  open  season  has  been  followed  in  certain  localities  by  the  rivers 
becoming  later,  still  some  assertions  on  this  score  which  have  been  advanced  scarcely  bear 
examination.  At  p.  63  is  a  statement  by  the  Vsk  Board  of  Conservators  and  the  present 
Inspector  of  Salmon  Fisheries,  that  such  has  occurred  in  the  Usk,  but  the  evidence  of  Sir  W. 
Jardine's  Committee  in  1860  (see  p.  118)  lead  to  the  opposite  opinion.  The  accuracy  of 
the  former  parties  having  been  challenged  in  The  Field  (January  8th,  1887)  has  been  left 
unanswered. 

At  p.  60  (ante)  will  be  found  the  incidence  of  the  close  season  in  England  and  Wales. 

§  It  has  been  contended  by  some  that  prohibiting  fishing  with  small  meshed  nets  (even 
though  capable  of  taking  an  occasional  salmon)  and  the  using  of  night  and  set  lines  during  close 
months  has  done  more  harm  than  good,  because  trout,  pike,  and  eels  were  formerly  thus  captured 
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fisli  at  mills  and  weirs  was  proliibited.  Fish  passes  were  to  be  erected  over  mill 
dams,  and  free  gaps  and  other  restrictions  were  placed  on  fishing  weirs  ;*  also 
gratings  were  to  be  inserted  before  the  inlets  to  canals  during  such  time  as  the 
young°of  the  salmon  were  descending  rivers  towards  the  sca.t  Unclean,  spawning, 
and  young  tish  were  to  be  protected,  and  an  annual  close  time  was  imposed 
generally "  throughout  England  and  Wales  between  September  1st  and 
February  6th  inclusive.  A  weekly  close  time  was  also  enacted  from  noon 
on  Saturdays  to  6  a.m.  on  Mondays,  or  forty-two  hours.  But  anglers  were 
permitted  to  continue  their  sport  for  some  time  after  net  fishing  had  ceased 
in  order  to  give  persons  in  the  upper  portions  of  rivers  some  chance  of 
capturing  late  fish,  as  now  they  are  hardly  visited  by  salmon  except  during  the 
breeding  season,  from  too  excessive  netting  in  the  lower  waters.  Spawners  will 
rarely  take  a  fly,  and  as  there  are  always  some  clean-run  salmon  in  the  river,  this 
auo-lino-  can  do  very  little  injury,  as  unseasonable  fish  if  hooked  have  to  be 
returned  to  the  water.  For  the  purpose  of  seeing  the  law  properly  enforced, 
Inspectors  of  Fisheries  w^ere  appointed. 

Among  other  prohibitions  was  that  against  the  employment  of  fish-roc  for 
angling  or  the  possession  of  salmon-roe  or  unseasonable  tish,  and  which  rendered 
the  individual  subject  to  a  fine. 

Before  long,  however,  certain  defects  in  the  Act  became  apparent,  for, 
although  the  sale  of  salmon  during  the  close  season  was  prohibited,  still  these  fish 
-were  captured  during  this  period  and  exported  to  France,  M^here  they  obtained  a 
ready  sale.  So  an  Act  was  passed  in  1863  which  prohibited  the  export  of  any 
salmon  during  the  close  season.  Next,  it  was  found  that  funds  were  necessary  to 
carry  out  the  px'ovisions  of  the  Act,  and  also  local  authorities  to  see  such  done  ; 
consequently,  another  Act  was  passed  into  law  in  1865,  which  enabled  the  country 
to  be  divided  into  fishery  districts,  placed  under  local  boards  of  conservators 
elected  by  the  magistrates  at  Quarter-sessions.  By  licensing  engines  for  the 
capture  of  fish  and  assessing  the  rental  of  fisheries,  funds  wei-e  raised  for  this 
purpose.  Then  a  tribunal  was  constituted  of  the  Special  Commissioners  of  the 
English  Fisheries  for  ascertaining  what  fixed  engines  were  legal,  in  order  to 
diminish  the  expense  of  prosecuting  offenders.  In  1873,  another  amended  Act  was 
passed,  in  which,  in  addition  to  the  regulations  as  to  the  taking  and  sale  of  fish, 
the  issuing  of  licenses,  the  powers  of  water-bailiffs,  and  rules  as  to  gratings  and 
fish-passes,  it  added  representatives  from  fishermen  who  ply  their  trade  in  public 
waters,  and  allows  them  to  elect  one  member  for  every  £50  license  duty  which 

and  they  are  detrimental  to  the  young  of  the  salmon.  Since  then  the  Fresh-water  Fishery  Act 
and  amendments  have  become  law. 

*  Mr.  Willis-Bund,  Salmon  Problems  (page  10  et  seq.),  observed  how  the  Act  of  1861  practically 
introduced  the  Irish  salmon  laws  into  force  in  this  country,  irrespective  of  the  cliniatic 
differences,  and  which  has  had  a  remarkable  effect.  The  great  rainfall  and  comparatively 
uniform  supply  of  water  in  Irish  rivers  had  caused  it  to  be  enacted  that  salmon  traps  at  mills 
which  captured  ascending  and  descending  fish,  should  only  be  used  provided  there  was  a  fish  pass 
attached  to  the  dam  with  a  constant  supply  of  water  flowing  through  it.  This  proviso,  which 
was  possible  in  Ireland,  absolutely  prohibited  the  use  of  most  of  those  ancient  rights  in  English 
and  Welsh  rivers,  where  there  were  days  in  which  no  water  could  flow  through  the  fish  passes 
owing  to  deficiency  of  rainfall.  But  the  '2Gth  section  of  this  Act,  also  copied  from  that  of  Ireland, 
does  not  work  so  well,  as  it  provides  that  the  sluices  in  any  dam  are  to  be  kept  closed  when  the 
water  is  not  required  for  the  use  of  the  mill,  in  order  to  send  it  through  the  fish  pass.  In  large 
rivers,  with  plenty  of  water  going  over  the  dam  continuously,  so  as  to  occasion  a  strong  current 
which  would  bring  up  these  tish  to  its  base,  it  works  well ;  for  were  there  no  such  provision  the 
miller  could  raise  his  sluices  so  as  to  allow  the  water  to  fall  to  below  the  level  of  the  upper  edge 
of  the  fish  pass,  which  would  keep  the  salmon  congregated  in  the  pool  below  the  weir,  where  they 
could  be  readily  captured.  But  in  English  and  Welsh  rivers,  when  no  water  is  coming  over  the 
pass,  the  fish  become  left  in  the  pools  with  very  little  water,  where  they  may  be  readily  gaffed  or 
otherwise  poached.  This  enactment  also  prevents  the  sluices  being  opened  to  allow  descending 
kelts  to  pass  through  the  weir,  for  were  this  attempted  the  miller  is  liable  to  be  fined.  In  fact, 
in  some  dry  seasons  the  only  legal  way  to  let  these  kelts  descend  would  seem  to  be  by  hftmg  them 
over  the  weir.  i-        i    i 

t  Complaints  are  frequently  made  that  constant  labour  is  required  at  these  gratings  to  keep 
them  free,  so,  instead  of  clearing  away  the  rubbish,  it  is  found  easier  to  raise  the  grating  a  little, 
and  thus  water,  rubbish  and  fish  go  through  together.  This  may  be  partially  obviated  by 
employing  double  gratings,  only  one  being  lifted  at  a  time. 
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they  pay — also,  bye-laws  can  be  made  by  the  Boards  of  Conservators,  of  which 
forty-five  exist  in  England  and  Wales. 

In  fact  it  was  considered  inexpedient  to  have  a  uniform  close  time  for  all  rivei-s, 
because  some  were  earlier  than  others.  By  the  Act  of  1873  power  was  given  to 
vary  the  close  time,  provided  such  was  sanctioned  by  an  order  fi-om  the  Home 
Office.  But  it  was  not  to  be  less  than  one  hundred  and  fifty- four  days,  and  should 
not  commence  later  than  Nov.  1st.  The  weekly  close  time  was  extended  to 
forty-eight  hours,  and  cannot  begin  before  six  on  Friday.  It  was  not  to  extend 
over  twelve  o'clock  on  Monday. 

Here  it  will  be  necessary  to  make  a  few  remarks  on  the  incidence  of  the  close 
season,  prior  to  and  after  the  passing  of  the  Act  in  1861.  Early  and  late  rivers 
(pp.  59,  et  seq.)  and  early  and  late  ascents  of  salmon  for  breeding  purposes  (pp.  66, 
et  seq.)  have  been  noticed,  and  a  brief  statement  has  been  given  as  to  the  time 
which  the  local  justices  fixed  as  the  close  time  for  rivers  in  their  respective 
districts  (p.  60).  Prior  to  1860  it  seems  to  have  been  considered  that  gravid 
salmon  should  be  pi'otected  not  only  just  at  the  period  of  depositing  their  spaAvn, 
but  also  for  some  time  previously,  in  order  to  allow  them  undisturbed  access  to 
their  spawning  beds.  Consequently  the  earlier  breeders  were  spared  where  now 
they  are  captured,  with  the  result,  some  observers  believe,  of  making  our  rivers 
later,  a  conclusion  not  admitted  by  others. 

The  close  seasons  existing  in  1860*  and  also  in  1884  were  as  follows  ;t  that 
which  was  enacted  for  each  river  in  1861,  is  omitted  because  it  was  directed  to  be 
uniform  in  the  rivers  of  England  and  Wales  commencing  Sept.  Ist.J 

Aln,  Oct.  21st  to  March  16th  (Sept.  1st),  Avon,  Bristol,  August  12th  (Sept.  1st), 
Avon,  Devonshire,  Jan.  15th  to  May  6th  (Sept.  21st),  Avon,  Hants,  Sept.  12th 
to  Jan.  1st  (Sept.  21st),  Axe,  Nov.  20th  to  April  18th  (Sept.  20th),  Ayron,  Oct. 
15th  to  March  1st  (Sept.  1st),  Bangor,  Oct.  15th  to  March  10th  (Sept.  1st),  Camel, 
Dec.  24th  to  May  1st  (Oct.  1st)  Cleddew,  Oct.  31st  to  April  30th  (Sept.  1st), 
Clwyd,  Oct.  1st  to  March  1st  (Sept.  15th),  Conway,  Carnarvonshire,  Nov.  30th 
to  April  30th,  in  Denbighshire,  Oct.  1st  to  Feb.  4th  (Sept.  15th),  Coquet,  Oct. 
10th  to  March  8th  (Sept.  15th),  Dart,  Nov.  14th  to  Feb.  14th  (Sept.  1st),  Dee, 
Sept.  1st  to  Jan.  25th  (Sept.  1st),  Derwent,  Cumberland,  Sept.  25th  to  March  10th 
(Sept.  15),  Dovey,  Dec.  14th  to  April  2nd  (Sept.  14th),  Duddon,  Oct.  10th  to 
May  1st  (Sept.  15th),  Eden,  Sept.  25th  to  Dec.  31st  (Sept.  1st,  lower  waters  Sept. 
10th),  Elwy,  Oct.  1st  to  March  1st  (Sept.  15th),  Esk,  Sept.  25th  to  March  10th 
(Sept.  15th),  Exe,  Sept.  20th  to  Feb.  15th  (Sept.  15th),  Fowey,  Dec.  3rd  to  May 
15th  (Sept.  1st,  lower  waters  Oct.  1st),  Itchen,  Sept.  12th  to  Jan.  1st  (Sept.  1st), 
Kent,  Oct.  10th  to  Feb.  2nd  (Sept.  15th),  Leven,  Oct.  lOth  to  Jan.  2nd  (Sept. 
15th),  Lune,  Sept.  29th  to  Feb.  1st  (Sept.  1st,  lower  waters  Sept.  8th),  Mawddach, 
Oct.  1st  to  March  1st  (Sept.  1st),  Neath,  Dec.  lOth  to  March  1st  (Sept.  1st), 
Nevern,  Oct.  1st  to  Feb.  1st  (Sept.  1st),  Ogmore  Dec.  1st  to  March  1st  (Sept.  15th), 
Ouse,  Yorkshire,  West  Riding,  Sept.  25th  to  Feb.  25th  (Sept.  1st),  Plym,  Nov. 
14th  to  Feb.  14th  (Sept.  1st),  Ribble,  August  31st  to  Jan.  28th  (Sept.  1st),  Severn, 
Glost.  and  Worcester,  Feb.  1st  to  Dec.  31st,  in  Salop  and  Montgomeryshire,  Sept. 
14th  to  Dec.  31st  (Sept.  1st),  Tamar,  Dec.  15th  to  March  15th,  Taw,  Oct.  20th  to 
Feb.  20th  (Sept.  21st),  Tees,  Sept.  17th  to  Feb.  14th  (Sept.  1st),  Teifi,  Cardigan- 
shire, Nov.  3rcl  to  March  3rd,  in  Carmarthenshire,  Nov.  1st  to  April  1st  (Sept.  1st), 
Teign,  Dec.  3rd  to  March  3rd  (Sept.  1st),  Test,  Sept.  12th  to  Jan.  1st  (Sept.  1st), 
Torridge,  Oct.  20th  to  Feb.  20th  (Sept.  21st),  Towey,  Nov.  1st  to  April  1st  (Sept. 
1st),  Trent,  August  12th  to  Nov.  12th  (Sept.  1st),  Trowerin,  Sept.  1st  to  Jan.  31st 
(Sept.  1st),  Tyne,  Sept.  lOth  to  Feb.  10th  (Sept.  1st)  ;  Usk,  Oct.  14th  to  March 

*  The  return  has  the  following  note  appended  "  Accuracy  cannot  be  vouched  for  on  account 
of  imperfect  information." — Eeport  of  Comvnssion  iiito  the  Salmon  Fisheries  of  En [j land  and  Wales, 
1860,  p.  xxxviii. 

t  The  names  of  the  rivers  are  given,  first  with  the  dates  as  existing  in  1860,  and  in  brackets  as 
legal  in  1885. 

I  In  1860  it  was  found  that  no  close  season  existed,  or  it  had  not  been  fixed  in  the  Afon, 
Derwent  (Yorkshire),  Longhor  or  Llwshur,  Ouse  (East  Riding  of  Yorkshire),  Parrett,  Ehymnu, 
Taff ,  Tavy  (Devonshire),  Tawe,  Wyse,  and  Yealm. 
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I'ith  (Sept.  1st),  Voiyd,  Oct.  1st  to  March  1st  (Sept.  1st),  Wear,  Sept.  17th  to 
Feb.  11  til  (Sept.  1st),  VVharfe,  Sept.  25tli  to  Feb.  25th  (Sept.  1st),  Wye,  Gh)s. 
Sept.  1st  to  Jan.  1st,  in  Herefordshire,  Sept.  IGth  to  Fel).  10th,  in  Monmouth- 
shire, Oct.  15th  to  Feb.  llth  (Sept.  1st),  Union,  Oct.  21st  to  March  1st  (Sept.  1st). 

Doubtless  the  early  closing  of  rivers  has  always  been  objected  to  by  the  salt- 
water and  tidal  fishermen*  as  well  as  by  those  who  possess  fixed  engines,  and  their 
persistent  endeavours  to  have  a  portion  of  the  back  end  of  the  season  abolished 
has  in  many  instances  been  met  with  more  or  less  success.  In  some  rivers,  as  the 
Taw  and  Torridge  for  example,  the  gravid  fish  on  first  commencing  their  ascent  arc 
of  a  beautiful  silvery  colour  even  after  they  have  entered  fresh  water  for  breeding, 
and  the  net  fishermen  have  held  this  as  a  reason  for  requesting  permission  to 
capture  them  for  the  market ;  even  when  such  fishes  have  been  opened  and  shown 
to  be  full  of  spawn,  still  they  have  mostly  declared  such  to  be  exceptional 
examples. t 

It  is  commonly  observed  that  the  interests  of  the  proprietors  of  salmon 
fisheries  are  not  identical  throughout  the  entire  extent  of  the  stream,  occasioning 
a  clashing  of  views  which  are  inimical  to  the  fisheries,  and  consequently  to  the 
general  public.  The  proprietors  of  fisheries  living  in  the  higher  waters  often  argue 
with  justice,  that  pollutions  are  permitted  unchecked  access  ;  that  immoderate 
netting  is  almost  continuously  carried  on  in  the  lower  reaches,];  giving  the  fish, 

*  The  Commissioners  in  1860,  observed  the  fishermen  who  got  their  living  by  taking  salmon  on 
the  estuaries  and  navigable  parts  of  rivers  are  generally  possessed  with  the  belief  that  the  interests 
of  the  proprietors  on  the  upper  waters  are  necessarily  adverse  to  their  own.  The  measures  which 
they  erroneously  conceive  necessary  for  their  own  protection,  would  only  tend  more  speedily  to 
destroy  the  breed  of  fish,  the  increase  of  which  they,  as  approjiriators  of  the  first  and  largest 
share,  are  above  all  parties  concerned  to  promote.  It  was  likewise  remarked  that  these  people 
were  "generally  complaining  and  dissatisfied." 

f  In  investigating  such  questions  it  would  be  well  if  the  investigator  were  present  when  the 
fish  are  being  captured  from  the  river  or  examples  might  be  brought  from  other  localities  and  pro- 
duced in  evidence  of  the  fish  being  clean,  as  is  said  to  have  taken  place  within  the  last  few  years. 

X  "  Old  Log,"  in  The  Field,  January  5th,  1884,  wrote  as  follows : — "  We  have  f)ut  a  stop  to 
the  old  practice  of  spearing  salmon  on  the  upper  shallows,  which  used  to  be  so  regarded  in  the 
light  of  a  fair  and  legitimate  sport,  that  the  penalized  salmon  spear  still  figures  as  an  heraldic 
device  in  family  arms ;  and  we  exact  a  heavy  penalty  from  the  riparian  owner  (who  expends 
much  care  and  money  in  the  protection  of  his  river  nurseries),  if  he  takes  a  dozen  or  two  out  of 
the  millions  of  salmon  fry  which  he  may  have  nurtured  ;  but  we  still  allow  the  miners  to  wash 
their  copijer  ore  where  the  poison  shall  fiow  into  the  salmon  stream,  if  he  can  persuade  an  easily 
satisfied  inspector  that  any  remedial  measures  would  be  difficult  or  expensive.  We  flatter 
ourselves  we  have  made  a  great  advance  in  salmon  culture  and  legislation  ;  but,  after  all,  I  fancy 
that  our  fathers  had  much  better  salmon  fishing,  at  infinitely  less  expense,  than  we  can  get,  and 
that  their  predecessors  were  better  off  than  they  were.  As  to  the  salmon  of  the  future,  he  will  be 
a  rare  animal  for  sportsmen  if  we  do  not  bring  more  common  sense  and  justice  of  dealing  in  the 
management  of  our  rivers,  and  our  children's  children  may  perhaps  sigh  in  vain  for  the  '  Salmo 
salai-  of  the  olden  times.'  " 

On  the  other  hand,  F.  C.  S.  remarked,  in  Nature,  September  15th,  1881,  that  preserving 
salmon  in  rivers  is  an  error,  and  that  such  has  decreased  them  both  in  number  and  size.  Prior 
to  preservation  inhabitants  placed  large  stones  across  rivers  and  threw  in  gravel  where  deficient — 
also  with  forks  thej^  loosened  the  stones.  They  watched  the  spawning  fish  and  killed  all  the  large 
ones  after  they  had  partially  or  wholly  spawned,  and  which  were  said  to  destroy  the  fry.  No 
pollution  in  rivers  is  alluded  to,  as  the  number  of  houses  in  the  vicinity  were  too  few  to  affect  it. 
3Ir.  Hubert  Hall  observed,  "  It  is  strange  that  people  should  wonder  why  the  salmon  disease  is  a 
comparatively  modem  institution.  The  answer  is  simple.  Because  positive  checks  to  over- 
crowding were  applied  in  the  shape  of  wholesale  extermination.  Once  no  man  fished  seriously 
unless  with  a  net.  His  living  dejpended  on  his  success  :  he  was  always  at  it;  there  was  no  check, 
no  limit  to  his  operations.  When  fish  failed  lower  down  he  shifted  his  quarters  upwards.  When 
the  stock  began  to  fail  there,  and  the  fish  grew  shyer  every  year,  he  appealed  to  the  Crown,  or  his 
lord,  and  found  interest  to  i^ut  up  weirs  and  stop  the  barge  traffic.  Then  he  commenced  anew  in 
virgin  waters.  Take  the  case  of  a  fishery  in  the  Severn  nearly  three  centuries  ago.  Here  it  was 
ascertained  that  in  one  length  of  the  river  a  whole  fisbing  population  was  at  work,  renting  from 
the  Crown.  In  one  i^ool  alone  three  boats  and  three  long  nets  were  always  at  work,  the  result 
was  that  they  caught  every  living  thing  in  the  river.  Shads,  once  absurdly  plentiful,  had  not 
been  seen  for  five  years,  sahnon  very  seldom ;  worse  still,  their  neighbours  above  them  finding 
most  of  the  fresh-run  fish  intercepted,  cut  off  in  return  all  the  fish  that  had  ascended  to  spawn. 
They  even  took  out  all  the  salmon  fry,  and  this  with  the  approval  of  everybody,  including  the 
Crown.  The  fact  is,  we  have  not,  nor  have  had,  any  moderation  in  this  matter.  In  one  direction 
we  overfish  and  overflood  our  rivers  ;  in  another  we  over-preserve  and  pollute  them.  The  result 
is  in  half  our  rivers  there  are  no  fish  to  speak  of,  in  the  other  half  the  salmon  disease." 
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except  in  the  close  time,  but  little  chance  of  escape ;  and  that  obstructions  are  not 
always  removed  oi'  moderated.  Thus  the  upper  proprietors  see  but  few  fisli, 
excepting  during  the  breeding  season,  when  it  is  illegal  to  capture  them.  They 
are,  in  a  manner,  "clucking  hens,"  whose  duties  seem  to  be  to  take  care  the  old 
fishes  are  left  undisturbed  on  the  redds,  that  the  eggs  are  hatched,  the  fry  reaied, 
and  to  speed  the  parting  guests  as  they  descend  to  the  sea,  from  whence  nets, 
obstructions,  and  pollutions  in  the  lower  portions  of  the  river  will  most  probably 
prevent  their  ever  re-ascending ;  or  else  merely  in  siTfficient  numbers  to  maintain 
a  stifBcient  supply  for  the  lower  waters.  Under  these  circumstances  it  can  hardly 
be  a  source  of  surprise  if  the  breeding  grounds  are  not  strictly  jDreserved :  for  the 
rearing  of  salmon  is  commonly  asserted  to  be  done  at  the  expense  of  the  local  fish, 
which  are  residents  of  the  upper  waters. 

The  value  of  the  salmon  fisheries  in  Scotland,  and  the  rent  paid  for  a  few  rivers 
or  fisheries,  is  recorded  in  the  Uejyort  of  the  Parliamentary  Committee  on  Salmon 
Fisheries  for  1824.  The  Beauly  then  rented  for  £1300  per  annum;  the  greater 
portion  of  the  Tweed  for  £10,000;  one  fishery  obtaining  £1200.  While  a  single 
fishery  on  the  Tay  let  for  £1205,  but  the  remainder  of  the  others  for  £8000  per 
annum.  In  a  Farliamentary  Return  made  in  1864  the  name  of  each  fishery,  of  its 
owner,  its  value,  and  the  mode  of  capturing  the  fish  was  recorded.  Russel,  in  his 
excellent  treatise  on  the  Salmon,  1864,  referred  to  it  as  follows  : — "  As  this  is 
the  first  attempt  to  procure  official  or  authentic  information  as  to  the  whole  of  the 
Scotch  fisheries,  it  is  welcome  as  a  beginning,  but  it  has  the  rudeness  and  imper- 
fection of  a  beginning.  It  both  omits  and  mis-states.  Many  fisheries  are  not 
included  at  all ;  of  nearly  700  fisheries  named,  the  value  of  eighty,  or  nearly  a 
sixth  of  the  whole,  is  not  given."*  As  regards  the  produce  of  these  fisheries,  the 
weight  and  the  contents  of  each  box  of  salmon  sent  from  Scotland  appears  to 
have  varied  at  difi'erent  periods.  Thus  in  the  Parliamentary  Report  (for  1824) 
already  referred  to,  a  witness  speaking  of  the  Tweed  fisheries  stated  that  prior  to 
1816  a  box  contained  6^  stone  of  fish,  but  from  1816  and  subsequently  8  stone  at 
least  up  to  1824,  at  which  it  continues  now. 

Mr.  Young  {British  Industries,  1877,  p.  298)  gave  the  number  of  boxes  of 
salmon  sent  from  Scotland  to  Billingsgate  from  1834  to  1875,  and  which  he 
observed  averaged  1121b.  each  in  weight.  Adding  the  numbers  received  up  to  1881, 
we  obtain  the  following  results — a  yearly  average  of  24,214  boxes  of  1  cwt.  each. 
During  the  first  seven  years  the  annual  average  was  26,107,  during  the  second  period 
29,011,  during  the  third,  ending  1854,  18,210  ;  during  the  fourth  period  from  1861 
to  1869,20,824;  from  1869  to  1875,  24,478;  and  for  six  years  ending  1881, 
24,617  boxes.  In  the  Fourth  Annual  Report  of  the  Fishery  Foard  for  Scotland,  the 
estimated  value  of  the  salmon  captured  in  that  country,  during  1885,  was  given 
at  £323,851.  The  causes  which  have  led  to  the  injury  and  in  some  cases  to  partial 
but  in  others  entire  extermination  of  this  valuable  fish  in  certain  rivers  in  Scot- 
land have  been  already  alluded  to  (see  page  112  ante).  A  few  years  back  the 
Scotch  Fisheries  Improvement  Association  observed  that  there  are  seven  counties  in 
Scotland  with  thirty-two  rivers,  which  have  ceased  being  frequented  by  salmon 
owing  to  the  obstructions  or  pollutions. 

Salmon,  as  has  been  already  remarked,  roam  along  the  coast  in  search  of  food, 
and  when  doing  so  swim  close  in  shore,  enabling  them  to  be  intercepted  by  means 
of  stationary  engines  during  their  journeys,  as  stake-nets  or  bag-nets,  contri- 
vances not  sufficiently  under  control  in  Scotland,  where  the  injury  they  do  to  i\\e 
fisheries  is  excessive,t  and  perhaps  as  good  an  instance  as  could  be  adduced  is  the 

*  The  total  value  of  the  Salmon  Fisheries  in  1864,  for  all  Scotland,  was  set  down  at  £52,015, 
but  Eussel  remarked  that  the  actual  rental  of  three  Scotch  Fishery  districts — the  Tay,  the  Spey 
and  the  twin  rivers  entering  the  sea  at  Aberdeen,  amounted  at  that  period  to  nearly  £40,000  a 
year.  Mr.  James  Caird,  the  chief  commissioner  appointed  to  investigate  the  condition  of  the 
British  fisheries,  in  a  letter  dated  March  Gth,  1868,  estimated  the  annual  value  of  the  river  fisheries 
of  Scotland  at  £200,000,  and  in  1877  Mr.  Archibald  Young  gave  them  at  £250,000. 

t  Dr.  Sinclair,  in  his  View  of  Dvvifricssliirc,  1811,  gave  some  particulars  with  regard  to  the 
fisheries,  and  the  rents  as  they  were  thirty  years  previously,  which  was  prior  to  the  commence- 
ment of  trap-nets  in  the  Solway.  "  The  rents  on  the  Scotch  fishings  amounted  to  £376  a  year." 
These  were  understood  to  have  been  paid  for  the  ancient  modes  of  fishing  by  half-nets,  poke-nets, 
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Solway  (.«ee  p.  117  ante),  and  here,  although  they  liavc  boon  doclarod  illegal,  they 
have  never  been  suppressed. 

The  Tweed  is  also  a  river  Avhich  has  been  subject  to  peculiar  legislation  and 
for  which  special  Acts  are  yet  in  force.  The  first  regulations  for  the  iishing 
of  this  river  and  which  are  still  extant,  were  made  by  the  Scottish  Parliament 
in  the  time  of  King  Robert  the  Bruce,  several  others  succeeded  until  the  first 
Parliament  of  James  I.,  when  it  was  enacted  "  Quha  sa  ever  be  convict  of 
slauchter  of  salmonde  in  times  forbidden  be  the  law,  he  sail  pay  fourtie  scheillings 
for  the  unlaw,  and  at  the  third  time,  gif  he  be  convict  of  sik  tres{)asse  sail  tyne 
his  life  or  then  bye  it."  The  mode  of  purchase  is  not  recorded.  Douglas  writing 
of  the  Tweed  Fisheries  in  the  Proceedings  of  the  Berwickshire  Naturalists  Club, 
1863,  observed  (p.  07),  that  in  "a.d.  1429,  in  the  ninth  Parliament  of  James  I,  it 
was  enacted  '  the  waters  of  Solway  and  Tweede  qu  hilikis,  sal  be  reddie  to  all 
Scottcsmen  all  time  of  the  yier  als  lang  as  Berwick  and  Roxburgh  ar  in  English 
mennes  handes.'     Subsequently  they  came  under  the  general  law  of  Scotland."* 

Further  up  the  East  coast  of  Scotland,  and  entering  a  Firth  of  the  same  name, 

and  hang-nets,  the  tenants  of  the  fishings  not  being  acquainted  with  any  other.  The  trap-net 
fishings  at  the  mouth  of  the  Nith,  possessed  by  Sir  W.  Giddellin  in  1811,  let  for  £139y.  (That 
shows  what  the  effect  of  the  trap-nets  had  been.)  "  A  comparison  of  the  two  rents  at  different 
periods,  on  a  nearer  inspection,  clearly  points  out  the  public  as  well  as  individual  loss  sustained 
by  the  monopolizing  fisheries  about  the  time  of  the  invention  of  trap-nets  ;  but  the  annual  produce 
of  the  sea  fishings  in  the  north  of  the  Solway  amounted  to  between  £000  and  £700."  (In  these 
were  included  Sir  James  Graham's  and  the  Solway  fishing,  which  were  £376.)  "  The  price  of 
salmon  was  about  2hd  a  lb.,  whereas  at  present,  even  in  the  most  plentiful  times,  it  is  never  below 
M,  and  is  often  Is  a^nd  earlier  in  the  season  2s,  prices  never  thought  of  m  old  times.  If  to  the 
rents  previous  to  the  invention  of  the  above  destructive  engines,  we  reckon  the  immense  number 
of  salmon  caught  and  consumed  by  the  small  proprietors  fishing  in  the  Solway,  we  cannot  hesitate 
in  saying  that  the  cause  of  the  diseases  is  owing,  if  not  mostly,  at  least  in  great  measure,  to  the 
destruction  by  such  engines.  The  small  proprietors,  who  follow  the  old  modes  of  taking  fish,  I  can 
ahnost  affirm  upon  oath  do  not  get  one-tenth  part  of  what  was  formerly  got,  when  the  same 
means  were  employed,  which  clearly  shows  that  the  trap-nets  have  taken  them  ahnost  all.  A 
recent  writer  observed  that  "  the  avowed  principle  upon  which  the  old  Scotch  Legislature  acted 
was  this  •  they  decided  it  was  preferable  that  the  Scotch  salmon  rivers  along  the  Solway  coast 
should  suffer  damage  through  the  use  of  fixed  machinery  rather  than  permit  any  chance  of  benefit 
to  accrue  to  their  English  neighbours.  For  this  amiable  reason  the  Solway  waters  were  in  ancient 
times  especially  exempted  from  the  beneficent  enactment  of  the  old  Scotch  salmon  statutes,  and 
upon  this  ridiculous  basis  the  obnoxious  fixtures  stand  to  this  day."  Possibly  they  will  continue 
for  some  years  yet,  probably  coming  under  the  care  of  the  official  appointed  to  "protect  ancient 
monuments,"  as  a  better  monument  of  the  savage  legislation  of  times  gone  by  could  scarely  be 
found.  As  such,  perhaps,  it  is  interesting  to  some,  but  its  continuance  is  very  destructive  to  the 
salmon,  and  consequently  the  food  of  the  public.  _  .,       ,, 

^  Pennant  in  1776,  recorded  of  the  Tweed,  that  there  are  in  the  river  41  considerable 
fisheries  extending  upwards,  about  14  miles  from  the  mouth  (the  others  above  being  of  no  great 
value),  which  were  then  rented  for  near  £5400  per  annum.  Twelve  years  later,  a  writer  in  The 
Edinhimih  Maqazine  of  April,  1788,  corroborated  a  statement  of  Pennant's,  that  the  expenses  of 
fishing  were  £5000,  to  pay  which  it  was  necessary  to  capture  280,000  salmon,  exclusive  of  grilse 
and  trout.  In  1814,  upwards  of  58,000  salmon,  excluding  grilse,  were  taken,  and  m  181b,  o4,041 
salmon,  120,594  grilse  and  67,074  trout,  while  the  rent  had  risen  to  its  maximum,  £13,70o.  Us  id. 
in  the  'report  of  evidence  taken  before  the  Committee  of  the  House  of  Commons  on  the  Salmon 
Fisheries  in  1824,  J.  Wilson  deposed  that  the  rental  in  1823  was  £10,000,  but  for  the  last 
seven  years  it  had  averaged  £12,000  annually.  That  the  fishing  had  decreased  during  the 
last  three  or  four  years,  owing  to  the  slaughter  of  breeding  fish.  For,  he  observed,  the  poached 
fish  "  are  sent  to  Edinburgh  generally,  and  there  they  are  protected,  from  the  circumstance  of  the 
Scotch  fishings  commencing  so  early :  they  say  they  come  from  the  Clyde,  from  fishings  which 
commence  in  December  :  at  that  time  they  are  quite  unwholesome  food."  The  poorer  tenants  in 
the  upper  fisheries  were  also  said  to  capture  fish  and  sell  them.  Mr.  Wilson  considered  the  fish 
began  ascending  the  river  about  the  middle  of  August.  ,.  ,  ,  ^,  , 

Douglas,  in  his  paper  on  "the  Tweed  fisheries,"  Proceedings  Bericickshire  haturalists  Club, 
1863  p.  67,  stated  that  in  1812  the  rental  of  these  was  £20,000  per  annum,  but  that  they 
rapidly  decreased  to  £4000.  The  average  estimated  annual  capture  of  fish  for  18  years  ending 
1825,  had  been,  of  salmon  34,159,  grilse  65,072,  and  trout  43,384.  In  five  years  ending  18u8,  the 
average  annual  take  had  been,  of  salmon  10,520,  grilse  26,965,  trout  26,895.  In  five  years  ending 
1863,  the  average  annual  take  had  been,  of  salmon  9141,  grilse  18,549,  trout  35  yl8.  In  five  years 
endin<r  1874,  the  average  annual  take  had  been,  of  salmon  10,532,  grilse  ly,4o6,  trout  28,841.  In 
1882  1412  cwt  of  salmon  were  sent  from  the  Tweed  to  London,  which,  at  10  lb.  per  fish,  would 
give  'l5,814,  but  grilse  may  have  been  included.  The  rental  in  1875  was  £12,173,  and  m  187b, 
£12,287. 
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is  the  Forth,  which  is  joined  by  the  Teith  a  short  distance  above  Stirling,  and  a 
little  lower  down  by  the  Allan;  its  length  to  Queensferry  is  computed  to  be  about 
eighty  miles,  and  its  drainage  area  880  square  miles.  Its  chief  tributary,  the  clear 
and  rapid  Teith,  possessing  plenty  of  fine  gravelly  spawning  grounds,  is  much 
preferred  by  salmon  and  sea  trout  to  the  Forth,  while  on  one  of  the  affluents  of 
the  Teith,  or  rather  at  the  outlet  of  Loch  Venachar,  is  an  obstruction  to  the 
ascent  of  salmon  to  the  good  spawning  gTounds  above,  in  the  shape  of  a  dam  and 
sluices  erected  by  the  Glasgow  Waterworks  Commissioners.* 

The  Tay  is  one  of  the  earliest  of  the  Scottish  rivers,  and  has  long  been  famous 
for  the  number,  size,  and  quality  of  its  salmon.  The  largest  British  specimen  in 
the  Buckland  Museum,  and  which  weighed  70  lb.,  having  been  obtained  from  it. 
In  its  course  of  about  150  miles  it  passes  the  fair  city  of  Perth  on  its  way  to  the 
German  Ocean  near  "  bonnie  Dundee  ;  "  it  drains  2500  square  miles  of  country, 
and  has  the  greatest  volume  of  water  of  any  river  in  Scotland.  Dr.  Anderson 
computed  its  contents  passing  Perth  to  be  3640  cubic  feet  a  second.  The 
Doehart,  which  rises  in  the  extreme  west  of  Perthshire,  falls  into  Loch  Tay,  which 
is  sixteen  miles  in  length,  a  mile  broad,  and  in  some  places  600  feet  deep,  and  is 
usually  considered  the  source  of  the  river  Tay.  It  ends  in  a  long,  bell-shaped 
estuary,  extending  from  Perth  to  Drumley  Sands,  a  distance  of  about  thirty 
miles. 

J.  Gillies,  in  1824,  gave  evidence  that  when  he  "first  went  to  Perth  most  of 
the  spawning  was  over  by  December  ;  but  the  chief  time  for  spawning  now  (1824) 
is  generally  in  the  months  of  December  and  January." 

Among  the  many  instances  of  injuries  inflicted  on  river  fisheries  by  the 
existence  of  stationary  engines  for  catching  the  Salmonidse,  erected  in  the  estuaries 
or  near  the  mouths  of  rivers,  few  better  examples  can  be  quoted  than  the  Tay.f 

*  During  the  twenty  years  ending  1882-3  tlie  average  annual  rents  paid  for  fisheries  in  the 
Forth  were  as  follows  : — The  first  five  years,  £2392  ;  tlie  second  quinquennial  period,  £2458 ; 
the  third,  £3288  ;  and  during  the  fourth  and  last  period,  £3811.  The  assessment  on  the  rents 
for  conservative  purposes  has  been  about  20  per  cent.  As  to  fixed  nets  outside  the  estuary 
of  the  Forth,  there  were,  in  1883,  in  the  twelve  miles  of  coast  between  Elie  and  Fife  Ness,  sixty- 
four  bag  and  two  fly  nets.  The  rental  of  these  is  given  at  £760  a  year.  One  experienced  tacksman 
put  the  annual  take  of  fish  in  the  district  at  about  4000  salmon  and  1200  grilse,  while  about  200  fish 
were  captured  by  the  rod.     The  produce  of  the  fisheries  was  said  to  have  fallen  off  of  late  years. 

t  In  the  Report  on  Scottish  Salmon  Rivers  by  Mr.  A.  Young  (Inspector  of  Salmon  Fisheries 
for  Scotland),  he  remarked  that  the  average  yearly  rental  of  the  Tay  was  in  1884  about  £20,000. 
For  some  years  the  fishings  had  been  deteriorating,  and  the  estuary  was  so  severely  and 
continuously  netted  during  the  open  season,  that  but  few  fish  could  reach  the  upper  waters  until 
the  nets  were  taken  off  on  August  21st.  Four-fifths  of  the  rentals  of  the  river  fisheries  were 
derived  from  those  existing  between  Cargill  railway-bridge  (about  10  miles  above  Perth)  and 
the  sea. 

Fixed  nets  were  first  erected  in  the  Firth  of  Tay  in  1799,  and  finally  declared  illegal  in 
1812.  The  average  takes  of  the  two  fisheries  immediately  above  the  highest  of  those  nets  were 
as  follows : — 

10  years  before  the  stake  nets,  annually  10,874  salmon,    2,211  grilse. 
during  „  ,,  6,700        ,,  2,429      „ 

after  „  „  11,316       „        11,220      „ 

Similarly  Bertram  informed  us  that  the  annual  average  produce  of  the  Kinfauns  fisheries, 
near  Perth,  which  furnish  one-fourth  of  that  of  the  river,  from  the  junction  of  the  Isla  to  the  sea, 
and  for  the  same  period,  were  thus  : — 

1788  to  1797,  before  the  stake  nets,  annually  8,720  salmon,  1,714  grilse. 
1801  to  1810,  during  „  „  4,666        „        1,616       „ 

1815  to  1824,  after  „  „  9,010       „        8,709       ,, 

The  number  of  100  lb.  boxes  of  salmon  shipped  from  the  Tay  fisheries  in  1812,  the  last  year  of 
the  fixed  nets,  was  1175,  but  in  1819,  after  they  had  been  completely  removed,  5694.  About 
1821  fixed  nets  were  commenced,  being  employed  along  the  coast  of  Forfarshire,  and  by  1825  the 
takes  in  the  Tay  had  become  reduced  one-half.  We  are  further  informed  that  from  1825  to  1834 
inclusive,  and  immediately  following  the  passing  of  the  Act  of  1829,  was  the  blackest  the  tenants 
ever  knew  on  the  Tay. 

James  Bell  (Par).  Com.  Reimrt,  1824)  deposed  that  he  "gave  up  his  fishing  in  1819,  as  it 
became  decreasing.  He  had  paid  annually  up  to  then  £3500,  but  it  fell  off  to  £2000  per  annum. 
This  was  at  the  time  Hunter's  stake-net  fishing  along  the  coast  began,  when  the  fishing 
immediately  and  very  perceptibly  diminished." 

Eussel  (1864)  remarked  of  this  river  and  firth  that  although  the  rental  had  not  been  greatly 
reduced  during  the  past  nine  or  ten  years,  this  was  owing  to  the  price  of  fish  having  risen ;  also 
the  proprietors  had  anticipated  by  voluntary  agreement  the  improved  legislation  to  which  they 
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The  next,  rivers  that  arc  nocessary  to  mention  are  two  in  luverness-shire,*  the 
Ness,  which  has  a  course  of  eight  miles,  in  the  time  of  Burt  (1730),  was  said  to  ho 
much  infested  by  seals,  but  that  they  Avere  good  signs  that  the  salmon  were 
running :  he  likewise  observed  that  the  judges  and  such  other  gentlemen  "  to 
whom  they  do  the  honours  of  the  Corporation  by  presenting  them  with  their 
freedom  if  it  happens  to  be  the  salmon  season.  The  entertainment  is  salmon 
taken  out  of  the  cruives  just  by,  and  immediately  boiled  and  set  upon  a  bank 
of  turf,  the  seats  the  same,  not  unlike  one  of  our  country  cock-pits;  and  during 

ultimately  became  subject.  Although  the  Tay  fisheries,  as  a  whole,  hatl  not  materially  decreased 
in  money  value,  the  upper  net  fisheries,  situated  immediately  above  the  tide,  diminished  so 
rapidly  that  their  rental  of  £8000  sank  to  £(550,  clearly  showing  that  the  effectiveness  of  the 
fishing  in  tidal  waters  had  reduced  the  period  of  a  salmon's  existence  by  many  months,  and  his 
road  to  destruction  by  many  miles. 

About  1835  the  Tay  Na vitiation  Act  came  into  operation,  one  effect  of  which  was  the  removal 
of  obstructions,  and  which  increased  the  facility  for  working  the  net  and-coble  industry  within 
the  tideway,  and  Eussel  gave  a  return  showing  the  captures  of  two  of  the  largest  jDroprietors 
within  this  space,  and  these  two  were  generally  reckoned  as  possessing  one-half  of  the  entire 
fisheries  of  the  tideway.  From  1825  to  1834,  before  the  Navigation  Act,  the  average  annual 
captures  had  been  G715  salmon  and  12,818  grilse,  but  from  1836  to  1845,  after  the  Navigation 
Act,  it  became  increased  to  8589  salmon  and  13,335  grilse.  But  the  fisheries  next  above  the  tideway 
now  suffered,  and  their  takes  decreased  nearly  50  per  cent. 

After  the  passing  of  the  Home  Brnmmond  Act  in  1828,  in  which  it  was  decided  to  extend  the 
netting  season  from  August  27th  to  September  15th,  the  produce  of  the  river  went  on  diminishing 
until  it  had  reached  its  lowest  point  in  1852,  the  rents  since  the  passing  of  the  Act  having 
gradually  decreased  from  £14,574  in  1828  to  £7973  in  1852. 

Legislation  having  thus  decreased  instead  of  having  increased  productiveness,  the  proprietors 
about  1852  almost  unanimously  agreed  among  themselves  to  return  to  what  for  400  years  had 
been  the  commencement  of  the  close  season  for  nets,  or  August  20th,  and  for  rod  fishing, 
September  24th.  Rents,  which  had  gone  down  to  £9530  in  1852,  now  rose  as  follows : — In  1853 
to  £8715 ;  1854,  £9269  ;  1855  to  £9977.  But  now  one  of  the  upper  proprietors  broke  up  the 
compact,  and  the  law  of  1828  resumed  its  sway;  and  in  1856  the  rental  was  £10,199;  in  1857, 
£10,772.  So  in  1858  the  great  majority  of  the  proprietors  united  in  petitioning  Parliament  for  a 
local  Act,  when  the  close  time  for  the  district  was  fixed  by  law  from  August  26th  to  February  4th, 
and  the  rental  went  on  increasing  until  it  reached  its  culminating  point  in  1880,  when  it  was 
£22,518;  in  1881  it  dropped  to  £19,579;  in  1882,  £19,221 ;  in  1883,  £17,773;  but  in  1884  rose 
again  to  £19,655,  and  in  1885,  £20,437. 

In  1853  the  Stonnontfield  jjonds  were  erected  by  the  then  proprietors  of  salmon  fisheries  on  the 
Tay.  They  were  situated  about  five  miles  above  Perth,  occupying,  roughly  speaking,  two  acres  of 
ground.  Although  now  superseded  by  the  Dupplin  hatchery,  they  were  useful  in  their  time.  The 
boxes  are  still  employed  for  hatching  eggs  and  the  ponds  for  rearing  fish.  The  Bupplin  hatchery 
was  instituted  late  in  1882  on  the  Earn,  at  Newmill,  Dupplin  Castle ;  its  capacity  is  estimated  at 
about  300,000  eggs.  Here  the  fry  are  kept  until  about  forty  days  old,  when  they  are  distributed 
in  the  Tay  and  its  tributaries. 

In  1864  Russel  observed  that  the  Tay  furnished  about  800,000  lb.  weight  of  salmon  annually. 
Mr.  Buist,  in  Bertram's  Harvest  of  the  Sea,  1865,  p.  Ill,  observed  that  we  hud  the  average 
number  of  salmon  and  grilse  taken  (in  the  Tay)  in  each  year  is  70,000,  but  Bertram  (p.  213) 
observed  "  that  in  some  seasons  the  number  of  fish  taken  from  the  mouth  of  the  Isla  down  to  the 
sea  has  ranged  from  70,000  to  upwards  of  100,000."  In  p.  6  of  the  Appendix  to  the  1871  lieport 
on  the  Scotch  Salmon  Fisheries,  the  number  annually  caught  in  this  river  was  given  by  one  witness 
at  100,300,  and  by  another  at  86,000.  Large  numbers  of  clean  sahiion  are  captured  in  the  early 
months  of  the  season  in  Loch  Tay,  where  they  ascend  during  December  and  January  before  the 
netting  begins. 

T.  Proudfoot,  in  1824,  deposed  to  the  fisheries  in  the  Earn  having  decreased  very  much  since 
1820,  due,  he  supposed,  to  two  causes.  "  There  are  a  great  many  stake  fisheries  up  about 
Montrose  (increased  about  this  time),  which  take  a  great  many  of  the  fish  that  would  come  into 
the  Tay,  and  what  they  do  not  take  they  put  off  with  long  leaders  ;  they  are  of  such  a  length  that 
they  put  the  fish  past  the  Tay,"  thus  affecting  the  Earn.  He  also  complained  that  close  time 
was  not  properly  observed. 

The  South  Esk  rises  in  Loch  Clova,  and  after  a  course  of  about  forty  miles,  and  a  drainage 
area  of  245  square  miles,  it  enters  the  German  Ocean  at  Montrose.  This  is  a  good  salmon  river, 
and  between  Brechin  and  the  sea  there  are  many  gravelly  shallows  and  deep  pools.  Unfortunately 
it  has  about  ten  dams  and  weirs  in  its  course,  while  a  great  amount  of  pollutions  are  poured  into 
it.  The  rental  of  the  fishery  in  this  river  in  1867  was  £1121 ;  1874,  £1536  ;  1876,  £1695  ;  and 
in  1884,  £2475.  In  1847  Stoddart  gave  that  of  the  Rossie  fishings  at  about  £650,  but  stated  they 
had  been  let  as  high  as  £800  ;  of  Usan  at  £50 ;  the  station  at  Boddin  Point  at  £400,  and  in  the 
Parish  of  Farnell  at  £250. 

The  North  Esk  rises  in  the  Grampians,  and  after  a  course  of  about  thirty  miles,  and  having  a 
drainage  area  of  288  square  miles,  enters  the  sea  in  the  Bay  of  Montrose  within  five  miles  of  the 
entrance  of  the  South  Esk.  There  are  five  weirs  in  its  course,  one  of  which  at  Craigo  dam  is  a 
serious  obstacle,  and  its  recent  history  is  very  instructive.     During  the  winter  of  1881  a  wide 
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the  time  of  eating,  tlie  heart  of  the  fish  lies  upon  a  plate  in  view,  and  keeps  in 
a  panting  motion  all  the  while,  which  to  strangers  is  a  great  rarity.  The  cruives 
above  the  salmon  leap  (which  is  a  steep  slope,  composed  of  large  loose  stones)  are 
made  into  many  divisions  by  loose  walls,  and  have  about  3  or  4  feet  of  water. 
These  render  such  a  number  of  fish  as  they  contain  an  agreeable  sight,  being 
therein  confined,  to  be  ready  at  any  time  for  the  barrel  or  the  table  "  (p.  248).  The 
assessable  value  of  the  fishings  in  1876-77  was  £3069.  lis.  The  second  river  is 
the  Beaiihj*  much  prized  as  an  excellent  angling  river.     Mudie  observed  having 

breach  was  made  in  this  dam,  and  when  Mr.  Young  inspected  the  river  above  this  obstruction  in 
January,  1882,  prior  to  the  breach  having  been  repaired,  he  found  that  it  was  full  of  fish.  In 
fact,  this  wide  and  deep  gap  in  Craigo  Dike  had  restored  the  Esk  to  its  natural  condition,  and 
perruitted  the  fish  to  distribute  themselves  throughout  the  entire  length  of  the  river,  instead  of 
their  ascent  being  arrested  by  this  dam.  This  erection  had  been  greatly  increased  in  height  in 
1847-48,  since  which  period  the  only  two  good  years  the  upper  proprietors  have  experienced  were 
1877  and  1881,  in  each  of  which  it  was  breached.  About  1875  the  Fishery  Board  gained  a  law-suit 
against  the  proprietor  of  this  obstruction,  and  a  ladder  was  ordered  to  be  put  in,  but  it  seems  that 
it  was  erected  in  the  wrong  place.  Now  many  fish  heavy  in  spawn  are  said  to  be  unable  to  ascend, 
and  consequently  drop  their  ova  below  this  obstruction,  where  they  are  lost.  This  river  for  its 
size  is  an  excellent  one  for  salmon,  the  produce  in  1870  having  been  computed  to  vary  from  25,000 
to  30,000,  while  the  rental  in  1837  was  £3591  along  with  the  coast  fishing,  and  1882-83  the  river 
fishings  let  at  £5624.  Until  the  nets  are  off  there  is  scarcely  any  angling  in  the  upper  waters, 
but  from  September  1st  to  October  31st  the  rod  fishing  is  excellent.  The  number  of  bag  and  fly- 
nets  in  Montrose  Bay,  from  Eockhall  to  the  mouth  of  the  South  Esk,  in  1883,  were  as  follows  :— 
Bag-nets,  74  ;  fly-nets,  45,  and  this  in  six  miles.  These  nets  are  on  either  side  of  the  North 
Esk,  beginning  at  400  yards  from  a  centre,  fixed  mid-channel  in  the  river  where  it  joins  the  sea  at 
low-wat1>r  mark.  The  best  fishing  is  on  the  north  side,  and  the  net,  which  is  just  without  the 
400-yard  limit,  consists,  in  the  height  of  the  fishing  season,  of  three  flies  and  nine  bags,  combined 
in  the  same  fixed  engine. 

The  Dee  issues  from  the  "  Wells  of  Dee  "  on  the  brow  of  Ben  Macdhive  4060  ft.  above  the  level 
of  the  sea,  and  after  a  course  of  about  90  miles,  and  with  a  drainage  of  900  square  miles  it  falls  into 
the  German  Ocean  at  Aberdeen  where  its  estuary  (which  contains  a  bag-net)  has  been  included 
within  the  extension  of  the  harbour  works.  The  extent  of  coast  fishing  within  this  district  of 
about  18  miles  had,  in  1883,  an  average  number  of  102  bag-nets,  of  which  91  are  to  the  south 
of  its  mouth,  and  11  to  the  north  or  between  it  and  mouth  of  the  Don,  which  is  withm  2  miles. 
There  are  also  6  stake  or  fiy-nets  to  the  north  of  the  Dee;  the  average  length  of  the  leaders  to  the 
stake-net  being  80  yards.  In  the  strip  of  sandy  shore  5500  ft.  long,  and  situated  to  the  north 
of  the  Dee  there  were  4  stake-nets  and  2  bag-nets  in  1836  ;  but  now  there  exist  11  bag  and  6  fly 
or  stake-nets.  The  assessable  rental  of  this  river  in  1876  was  £8897,  and  in  1884  £9931,  of  which 
£6201  belong  to  the  lower  fishings,  including  the  sea  coast,  and  £3730  to  the  upper  river  fishings. 
Stoddart,  in  1847,  calculated  that  the  quantity  of  fish  captured  on  an  average  season  at  20,000 
salmon  and  40,000  grilses,  which  included  those  taken  by  stake-nets,  and  at  the  mouth  of  the 
river  on  the  adjacent  beach.  While  between  1813  and  1824  he  calculated  that  the  annual  take 
was  52,862  salmon  and  grilse  on  the  Dee,  and  40,677  on  the  Don.  Since  then  an  artificial  barrier 
had  been  raised.  The  Don,  whose  mouth  is  within  2  miles  of  that  of  the  Dee,  had  an 
assessable  value,  in  1876,  of  £3361.  Os  8d.  ,  „^      .,  -,  ■, 

The  Deveron  is  a  late  river  for  the  East  coast,  it  has  a  course  of  60  miles  and  has  numerous 
fixed  engines  near  its  mouth ;  the  assessable  rental  is  £2566,  the  average  annual  capture  by  rod  is 
about  300  salmon.  „,„„„  i  ■,       •, 

The  SjH'i)  in  1775  rented,  according  to  Pennant,  for  £1200  per  annum  and  _  produced 
1700  barrels  "of  fish  during  the  season.  It  is  the  most  rapid  of  the  larger  Scottish  rivers,  has 
a  course  of  120  miles  and  drains  upwards  of  1000  square  miles  of  country.  In  1803  or  1804,  it  is 
said  to  have  let  for  £6000  a  year.  The  rental  of  the  district  which  was  £6859  in  1863-64, 
gradually  rose  to  £11,332  in  1875-76,  since  which  period  it  has  steadily  diminished  until  1882-3 
it  had  come  down  to  £8482.     This  is  said  to  be  partly  owing  to  increased  fixed  nets.  _ 

In  1860  the  following  were  stated  to  have  been  the  annual  captures  m  this  river  for  the 
preceding  nine  years.  1851,  6515  salmon,  33,285  grilse  ;  1852,  10,980  salmon,  46,041  grilse ; 
1853  15  772  salmon,  58,166  grilse;  1854,  29,780  salmon,  36,148  grilse;  1855,  13,194  salmon, 
48,740  grilse;  1856,  14,103  salmon,  27,528  grilse;  1857,  13,466  salmon,  54,949  grilse;  1858, 
30,840  slilmon,  35,409  grilse ;  1859,  23,608  salmon,  17,263  grilse. 

There  are  other  good  fishing  rivers  on  the  East  coast  of  Scotland,  but  space  precludes  alluding  to 
all.  Mr.  Young  considered  in  1883  that  it  was  "  not  an  extravagant  estimate  to  put  the  total  value 
of  the  salmon'^caught  in  the  East  coast  rivers  above  described,  and  on  the  sea  coast,  at  £120,000 
a  year-  and  the  number  of  men  employed  in  net-fishing,  and  in  watching  the  rivers,  at  2000.  The 
gross  annual  value  of  the  salmon  caught  in  the  districts  of  the  Tay  and  Spey  alone  cannot  be 
much  under  £70,000."  .      ,  .       .         ,.   .^    ,  .   ,  ,        .  ,        .    , 

*  The  average  takes  of  salmon,  grilse,  and  trout  in  this  river  divided  into  septennial  periods, 
and  ending  in  1869,  were  as  follows  : —  .,        _  _ 

7  vears  ending  1815,  annual  average  salmon  3237,  grilse  5525 

1862       „  „  ,.  950,      „     3293,  trout  284 

',',      ',',  ,',     1869       „  „  „         1304,      „     4261,      „    350 
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scon  as  many  as  eighty  takon  at  a  single  haul  in  a  pool  below  tho  falls  of  Kilmorac, 
and  one  of  the  number  weighed  more  than  GO  lb. 

It  will  be  necessary  now  to  pass  on  more  rapidly  through  the  salmon  i-ivers  of 
Scotland  as  those  on  tho  east  coast  and  the  Solway  with  their  stationary  engines 
have  been  rather  fully  dilated  upon.  Some  are  situated  in  the  county  of  Suther- 
land, and  belong  exclusively  to  the  Duko  of  Sutherland,  who  is  consequently  able  to 
work  them,  in  any  manner  which  he  considers  most  conducive  to  maintain  them  in 
good  order,  as  the  tidal  fishings  one  mile  seawards  from  low-water  mai-k,  are  also 
ins  property.  Among  some  of  the  following  rivers  where  artificial  propagation 
of  Salmonida)  has  been  tried,  it  has  been  discontinued  as  not  being  a  success,  but 
it  is  said  not  to  have  had  a  fair  trial. 

Sir  W.  Jardine  in  a  Report  to  the  British  Association,  1834,  p.  G13,  observed 
that  the  Duke  of  Sutherland*  finding  his  salmon  rivers  deteriorating,  took 
them  under  his  own  direction  in  1832,  regulating  the  close  time  in  accordance 
with  tho  seasons  of  running.  The  fish  w^ere  strictly  preserved,  and  in  several 
rivers  grilse  were  all  permitted  to  run  :  within  two  years  the  produce  in  many 
streams  had  doubled.  It  will  now  be  interesting  to  see  whether  this  improved 
condition  of  the  fisheries  still  continues.  Tlie  Brora  is  an  early  river.  In  1G58 
Captain  Franek  stated  that  £300  worth  of  salmon  were  annually  exported  from 
it  to  France.  Between  18G3  and  1882  the  best  year  was  1874  when  20,025  lb. 
weight  of  fish  were  reported  to  have  been  captured,  and  the  worst  in  18G5  when 
3971  lb.  were  taken.  For  the  nine  years  from  18G3  to  1873  the  average  take  was 
8897  lb.,  and  for  nine  years  to  1882  it  had  risen  to  1G,404  lb.  The  Ilelmsdale  is 
another  very  early  river:  in  187G,  5116  lb.  of  salmon  and  22,1G7  lb.  of  grilse 
were  taken  by  nets  in  the  district,  the  nets  do  not  commence  being  worked  until 

The  average  annual  rents  during  the  first  of  these  periods  was  £1300,  during  the  second 
£392,  and  during  the  third  £7G8.  Severely  injured  by  fixed  nets,  they  have  improved  since  the 
passing  of  the  Act  of  18G2,  when  these  engines  were  removed  from  Chanonry  Point. 

*  Some  interesting  experiments  in  marking  salmon  in  Sutherlandshire  rivers  were  made  by  the 
sixth  Duke  of  Athol,  and  the  results  of  which  were  pubhshed  by  the  late  Frank  Bucldand  in  Land 
and  Water.  He  commenced,  when  Lord  Glenlyon,  in  March,  1844,  and  the  hsts  were  continued 
until  the  end  of  1868  ;  during  this  period  over  1500  kelts  were  marked.  From  March  11th,  1844, 
zinc  tickets  with  numbers  on  them  were  used,  fastened  with  copper  wire  through  the  dead  fin  ; 
April  7th,  1845,  silver  was  substituted  for  the  copper  wire,  and  these  were  employed  to  March 
10th,  1847  ;  but  this  mode  of  fastening  wire  through  the  dead  fin  was  now  given  up  as  insecure. 
During  this  period  at  first  the  results  were  not  satisfactory,  but  on  March  31st,  1845,  a  10  lb, 
kelt  was  taken,  and  on  May  7th,  1845,  it  was  re-captured  iu  the  finest  possible  condition  and 
weighing  21^  lb. 

March  20th,  1847,  circular  copper  tickets  were  commenced,  being  employed  fastened  round 
the  free  portion  of  the  tail  with  copper  wire,  but  on  this  being  found  to  cut  the  fish,  gutta-percha 
cord  was  substituted.  On  March  10th,  1849,  another  alteration  was  tried,  the  copper  labels  being 
sewn  on  to  the  tail  fin  with  gutta-percha  thread.  March  27th,  1847,  a  15  lb.  kelt  was 
marked  and  re-captured  as  a  clean  fish  20  lb.  weight  on  February  20th,  1848.  March  28th, 
1847,  an  11  lb.  kelt  was  marked,  re-captured  July  24th  clean  and  18  lb.  March  3rd,  1847,  a  14  lb. 
kelt  was  marked,  re-caught  September  7th  clean  and  21  lb.  weight. 

On  February  20th,  1851,  the  duke  adopted  flat  gutta-percha  bands,  the  ends  fastened  together 
with  wire.  On  February  2Gth,  the  duke  commenced  with  No.  21  to  fasten  the  ends  of  the  band 
with  naphtha  instead  of  wire,  half  an  inch  of  the  outside  of  one  end  and  of  the  inside  of  the  other 
end  being  wetted  with  naphtha,  and  then  set  on  fire,  and  when  partially  melted  the  ends  were  laid 
one  upon  the  other,  overlapping  each  other  half  an  inch  or  more.  When  cool,  the  band  formed 
a  firm,  comiDlete  circle  round  the  fish. 

On  February  26th,  1851,  a  10  lb.  kelt  was  marked,  and  re-caught  as  a  clean  fish  February  17th, 
1852,  weighing  12  lb.  March  21st,  1854,  an  11  lb.  kelt  was  marked,  and  re-caught  near 
Montrose  on  August  24th,  1854,  as  a  clean  17  lb.  fish. 

March  29th,  1859,  a  12^  lb.  kelt  was  marked,  re-caught  August  12th,  1859,  a  clean  fish  weighmg 
19  lb. ;  this  and  other  fish  were  marked  by  gutta-percha  tickets  fastened  round  the  free  portion  of 
the  tail  by  wire,  but  they  were  mostly  cut  to  the  bone  by  ulceration. 

On  February  25th,  1861,  a  13  lb.  kelt  was  marked,  re-taken  August  11th,  1862,  as  a  clean 
26  lb.  salmon.  . 

Mr.  A.  Jopp,  of  Aberdeen,  in  1860  published  numerous  statistics  of  Aberdeenshu-e  wheremhe 
conclusively  showed  that  salmon  had  decreased  in  number  and  weight  since  the  mtroduction 
of  stake  nets,  his  results  referring  more  particularly  to  rivers  and  not  to  tlie  sea.  Several 
proprietors  of  fixed  nets  on  the  coast  very  largely  increased  the  rentals  of  their  wliole  fisheries  by 
giving  up  the  fixed  nets.  The  Duke  of  Kichmond  removed  fourteen  from  the  mouth  of  the  Spey, 
and  in  eight  years  his  rental  rose  from  £6000  to  £13,000. 
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May  1st.  The  HaUadale  is  a  poor  river,  and  an  estuary  bye-law  permits  bag-nets 
close  to  the  montb  of  the  river  which  intercept  ascending  fish.  The  best  netting 
year  was  1867,  when  2139  lb.  of  salmon  and  13,634  lb.  of  grilse  were  captured.  The 
Naver  is  the  largest  and  best  river  on  the  north  coast  of  the  county  and  very 
early  ;  the  average  captures  for  twelve  years  ending  1876  have  been  as  follows  : — 
four  years  ending  1868,  salmon  3342  lb.,  grilse  6942  lb. ;  four  years  ending  1872, 
salmon  3228  lb.,  grilse  5611  lb.  ;  four  years  ending  1876,  salmon  5183  lb.,  grilse 
13,100  lb.  Mr.  Murdoch,  Fishing  Gazette,  March  20th,  1886,  observed :  "  The  Naver 
is  divided  into  six  angling  beats  which  are  numbered  from  1  to  6  ;  all  the  rods  are  on 
an  equal  footing,  and  they  severally  fish  one  beat  a  day,  and  the  whole  in  regular 
rotation.  A  fishes  on  Monday  beat  1,  on  Tuesday  on  beat  2,  and  so  on;  B  occupies 
these  beats  a  day  later,  and  in  the  same  manner  the  rods  follow  in  succession." 
The  Borcjie  enters  the  sea  about  a  mile  west  of  Naver,  and  its  fisheries  are  said 
to  be  deteriorating;  the  returns  give  the  following  results : —four  years  ending  1868, 
salmon  2262  lb.,  grilse  4363  lb. ;  four  years  ending  1872,  salmon  1495  lb.,  grilse 
2992  lb. ;  four  years  ending  1876,  salmon  2361  lb.,  grilse  7662  lb.  With  the 
Bope  the  late  rivers  commence,  as  all  to  the  westward  of  Cape  Wrath  are,  and 
so  on  down  to  the  Sol  way. 

One  river  in  Caithness,  the  Thurso,  which  has  a  course  of  forty  miles,  must  be 
more  particularly  referred  to,  as  it  is  considered  to  excel  all  other  rivers  in  the 
kino'dom  for  its  early  fish.  Bag-nets  at  its  mouth  do  not  commence  before  June  1st. 
Mr.'^A.  Young  reported  that  the  greatest  number  and  weight  of  fish  killed  by  the 
rod  in  this  river  since  1853  was  in  1863  when  1510  fish  weighing  14,777^  lb. 
were  captured;  and  the  next  best  year  was  1874  when  1240  fish  weighing 
13,870  lb.  were  taken.  The  smallest  number  was  in  1881,  when  only  236 
weighing  2830^  lb.  were  killed.  In  five  years  ending  1867  the  average  weight  of 
the  fish  was  979  lb.  ;  in  five  years  ending  1872,  10-54  lb.  ;  in  five  years  ending 
1877,  11-47 ;  in  five  years  ending  1882,  11  83  lb. 

The  tenure  of  salmon  fisheries  in  Scotland  diifers  from  what  obtains  in  the 
rest  of  the  British  Isles,  and  the  right  of  capturing  Sahno  salar  in  the  seas  to  at 
leastonemile  (seawards)  from  low- water  mark*  in  estuaries  and  in  rivers  has  always 
been  a  property  distinct  from  that  of  the  soil,  and  originally  belonged  exclusively 
to  the  Crown,  which,  in  the  exercise  of  its  prerogative,  has  in  most  cases  sold,^  or 
otherwise  granted  away  its  rights,  or  else  they  have  never  been  enforced.  Fishing 
for  salmon  as  a  legal  right  can  only  be  legally  conferred  by  a  special  grant  from 
the  Crown,  consequently  even  the  clause  cum  piscationibus  in  i^oyal  charters  is  not 
held  to  convey  a  right  of  salmon  fishing.  Thus  riparian  ownership  may  give  no 
right  to  salmon  fishing,  even  by  angling,  while  salmon  fisheries  are  occasionally 
held  by  one  who  has  neither  rights  along  either  bank  of  the  river,  or  in  its 
subjacent  soil. 

Originally  the  Crown  rights  in  Scotland  were  principally,  if  not  entirely,  such 
fishings  as  were  carried  on  as  described.  While,  as  all  salmon  in  the  sea  being  in 
a  manner  pertaining  to  the  various  rivers  (as  without  such  the  breed  would 
become  extinct)  it  was  held  by  many  riparian  proprietors  that  the  Crown  had  long 
since  granted  away  all  its  fishery  rights,  especially  as  in  old  times  salmon  were  not 
commonly  captured  in  the  sea.  The  Crown  was  believed,  and  no  doubt  did,  dispose 
of  all  modes  of  fishing  for  salmon  then  known  and  the  more  recent  claim  to  those 
of  the  sea  by  means  of  fixed  enginesf  it  must  be  confessed  would  be  open  to  legal 
argument  were  such  a  proceeding  to  have  been  adopted  by  private  individuals 
who  had  sold  all  such  fisheries  as  they  believed  they  possessed  from  person  to 
person. 

That  salmon  have  always  been  cared  for  by  the  Scottish  monarchs  and  legis- 

*  In  the  Statute  of  Robert  I.  of  Scotland,  a.d.  1318,  c.  12,  everything  having  reference  to 
weirs  or  fixtures  applies  to  such  as  are  "  in  aquis  uhi  mare  fluit  et  refluit,"  or  as  it  was  subsequently 
defined  in  Act  a.d.  1424,  c.  11,  James  I.  "  in  fresche  watteris,  quhar  the  sea  fallis  and  ebbs." — 
EcUnlninih  New  Philosophical  Journal,  1825,  p.  357. 

I  Under  this  new  plan  or  innovation  the  Crown  lets  fisheries  for  salmon  along  the  sea  coasts, 
which  fisheries  are  essentially  carried  on  to  intercept  and  capture  salmon  and  sea  trout  coming  to 
the  rivers  where  the  Crown  had  previously  parted  with  its  rights. 


SALMON— SCOTCH   FISHERY  LAWS.  131 

latiirc,  almndant  proofs  aro  still  extant;  and  altliono-h  wc  liavo  no  statistics  to 
fall  back  upon,  it  has  been  recorded  that  pickled  Scotch  salmon  was  exported 
to  Flanders  and  to  France,  and  that  it  formed  a  considerable  trade  so  early  as 
1380.  Abont  l-2'20  it  was  ordained  that  from  Saturday  nig-ht  to  ]\Jonday  morning 
it  should  be  obligatory  to  leave  a  free  passage  for  salmon  in  the  various  rivers, 
and  which  was  styled  the  "  Saturday's  stojipo."  Alexander  I.  enacted  at  Perth, 
"  that  the  streame  of  the  water  sal  be  in  all  parts  swa  free,  that  ane  swine  of  the 
age  of  three  yeares,  well  fed,  may  turn  himself  within  the  stream  rcund  about, 
swa  that  his  snowt  nor  taill  sal  not  touch  the  bank  of  the  water.''  Slayers  of 
reid  fish  or  smolts  of  salmonde  the  third  time  were  to  bo  punished  with  death,  and 
"  sie  like  he  qua  commands  the  famine  to  be  done." 

The  annual  close  time  for  salmon  netting  in  Scotland  from  1424-  to  1828  was 
107  days.  At  the  latter  date  it  was  extended  to  139  days,  and  in  1862  108  days, 
and  the  weekly  close  time  from  twenty-four  to  thirty-six  hours. 

By  an  Act  of  the  Scottish  Parliament,  passed  in  the  time  of  James  I.,  in  1424, 
c.  25,  it  was  forbidden  that  any  salmon  be  slain  from  the  Feast  of  the  Assumption 
of  our  Lady  until  the  Feast  of  St.  Andrew  in  winter.  The  dates  of  these  feast 
days  being  corrected  according  to  the  new  style,  the  close  time  enacted  by  this 
Act  of  1424  was  from  August  15th  until  November  30th  (n.s.). 

An  Act  was  passed  by  James  VI.  of  Scotland,  a.d.  1006,  against  the  people 
polluting  lochs  and  running  streams  in  Scotland,  on  the  ground  "  that  the  laying 
of  lint  in  lochs  and  burnes  is  not  only  hurtful  to  all  fishes  bred  within  the  same, 
and  bestial  that  drink  thereof,  but  also  the  hail  waters  of  the  said  lochs  and  burnes 
thereby  being  infected,  is  made  altogether  unprofitable  for  the  use  of  man,  and 
very  noisome  to  all  the  people  dwelling  there  about,  therefore  statutes  and  ordains 
that  no  person  or  persons  in  times  coming  lay  in  lochs  and  running  burnes  any 
green  lint,  under  the  pain  of  forty  shillings,  toties  qaoties,  for  ilk  tune  they 
shall  contravene ;  and  also  confiscation  of  the  lint  to  be  applied  to  the  poor  of  the 
parish  within  which  the  said  lochs  and  burnes  lies." 

An  Act  was  passed  in  the  reign  of  James  VII.,  on  May  30th,  1685_.  "  Item  : 
that  all  millers  that  slay  smoults  or  trout  with  creels  or  any  other  engine,  or  any 
who  dams  or  laves  shall  be  punishable  as  slayers  of  red  fish,  conform  to  the  (37) 
Act  of  Parliament,  5  King  James  III.,  and  where  the  transgressor  has  no  means 
they  are  appointed  to  be  put  in  prison,  irons,  or  stocks  for  the  space  of  one  month, 
upon  their  own  expenses  ;  and  if  they  have  it  not  of  their  own,  to  be  fed  on  bread- 
and-water,  conform  to  the  80th  Act  of  Parliament,  6  King  James  VI." 

In  1828  Act  of  9  George  IV.,  c.  39,  commonly  known  as  the  '' HomeDnimmond 
Act,"  was  made  law.  In  it  the  annual  close  time  was  altered,*  that  no  salmon, 
grilse,  sea  trout,  nor  other  fish  of  the  salmonf  kind  be  taken  in  or  from  any  river, 
stream,  lake,  water,  or  estuary  whatsoever  or  any  part  of  the  sea  coast  between 
September  14fch  (instead  of  August  16th)  and  February  1st.  (This  Act  did  not 
apply  to  the  Solway,  Tweed,  or  Tay.)  This  taking  off"  a  month  at  the  commence- 
ment of  the  season  was  found  to  be  very  injurious  to  the  fisheries.  +  A  man  having 
been  prosecuted  for  illegally  taking  one  of  the  salmon  tribe,  the  presiding  judge 
found  him  guilty  of  killing  "  whitlings,"  fish  in  the  grilse  stage  of  the  sea  trout, 
but  declined  to  convict,  as  he  could  not  find  the  fish  referred  to  in  the  statute.    A 

*  Prior  to  the  passing  of  this  Act,  Mr.  Little  gave  evidence  before  thcParUamentary  Committee 
in  1824  (p.  114)  that  "  the  law  then  allowed  the  fishing  to  commence  on  St.  Andrew's  Day  (Nov. 
30th)  which  was  far  too  early,  and  permitted  fishing  to  continue  till  August  16th."  He  also 
observed,  "  I  think,  speaking  of  the  habits  of  the  fish,  that  the  seasons  are  later  than  they  have 
been  when  the  old  laws  were  made."  „ 

t  In  the  Act  of  Charles  II.,   1681,  "  Anent  the  Salmond  fishing  in  the  waters  of  the  JNith 
the  term  Salmond  is  alone   employed.      In  Act  3  of    George   III.,    1790,  for    regulating    and 
improving  the  salmon  fishery  of  the  river  Nith,  mention  is  made  of  grilse,  salmon,  trout,  sea- 
trout  or  herling.  ,       ^,  ,   ^  ,         n   i  no 

+  Criticizing  a  late  Salmon  Act,  Fraser  (Salmon,  1833)  remarked,  "  The  new  Act  has  added  28 
days  to  the  lawful  period  formerly  allowed  the  lisherman,  and,  though  the  present  age  is  indeed 
an  age  of  wonders  and  discoveries,  it  could  scarcely  be  believed  that  by  adding  28  days  to  the 
season  for  killing  the  breeders  of  any  species  the  number  could  be  increased.  Yet  this  is  exactly 
what  has  been  attempted  by  the  framers  of  the  Act  "  (p.  31). 

9  * 
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farther  Act  was  therefore  passed  in  184<i,  7  and  8  Victoria,  c.  95,  wherein  whitlings 
were  specially  mentioned. 

The  Tweed  Act  of  1857  seems  to  have  inaugurated  a  new  era  in  the  Scottish 
salmon  fisheries,  fixed  nets  were  abolished  in  estuaries  and  rivers  where  they  had 
existed  more  or  less  for  centuries,  but  the  legality  of  those  on  the  foi-e-shore  which 
have  sprung  into  existence  during  the  present  century  were  not  legislated  upon. 
Leistering  or  spearing  was  prohil^ited,  a  weekly  close  time  was  enacted,  and  the 
mesh  of  salmon  nets  fixed  at  not  less  than  If  in.  between  knot  and  knot.  The 
period  of  time  and  the  distance  to  be  observed  between  the  working  of  nets  was 
likewise  laid  down,  while  the  killing  of  foul  fish  was  totally  prohibited. 

In  1862,  an  Act  was  passed  which  was  directed  among  other  things  against 
fixed  engines,  taking  care  that  nothing  in  the  Act  should  be  held  to  legalize  any 
mode  of  fishing  which  had  previously  been  illegal.  It  formed  districts,  and 
appointed  Commissioners  to  lay  down  all  boundaries  and  local  regulations,  it  fixed 
168  days  for  the  annual  close  time,  36  hours  for  the  weekly  close  time.  It  imposed 
penalties  for  various  oifences,  and  extended  the  English  Act  of  1861  as  to  fixed 
engines,  to  the  Solway  after  January  1st,  1865  (but  which  has  not  yet  been  carried 
out) .  This  Act  does  not  apply  to  the  Tweed  except  in  three  of  its  sections,  illegal 
fishing  (saving  clause),  possession  of  salmon  roe,  and  poaching  by  three  or  more 
persons  at  night-time.  But  no  clause  was  added  repealing  old  Acts  relating  to 
salmon  fishing,  and  some  as  ancient  as  400  years  are  still  in  force,  causing  the  law 
to  be  very  complicated. 

In  1868  this  Act  was  amended  and  added  to :  certain  modes  of  fishing  were 
prohibited  in  the  conjoined  Acts,*  also  the  construction  and  use  of  cruives,  the 
building  and  alteration  of  mill-dams  or  lades,  or  water  wheels,  the  size  of  the 
mesh  of  nets.  There  were  penalties  for  taking,  possessing,  or  dealing  in  unclean 
salmon,  and  the  removal  of  boats  or  other  engines  during  the  annual  close  time. 
In  1882  an  Act  was  passed  establishing  a  Fishery  Board  for  Scotland,  and  an 
Inspector  of  Salmon  Fisheries  was  appointed. 

About  the  commencement  of  this  century,  the  fixed-net  fishermen  began  to 
erect  their  stake-  and  fly-nets  along  the  sea- shore  and  at  the  entrance  to  rivers, 
with  probably  about  equal  right  to  that  of  manufacturers  who  have  made  streams 
sewers  to  drain  off  their  deleterious  refuse.  These  nets  have  been  considered 
to  have  been  at  first  erected  against  both  the  spirit  and  letter  of  the  existing 
statutes,  and  do  not  appear  to  have  been  legalized  by  prescription  as  their 
proprietors  now  claim  them  to  be.  Anyhow,  they  are  cavising  great  injury  to  the 
river  fisheries  directly,  irrespectively  of  what  they  are  causing  indirectly  by 
capturing  such  an  amount  of  fish,  that  some  of  the  upper  proprietors  do  not  see 
any  fish  until  the  nets  are  oif.  If  they  were  under  more  strict  control,  both  as  to 
their  position,  their  size  and  extent,  and  their  times  of  fishing,  it  is  jjrobable  that 
the  rivers  would  be  better  stocked  than  they  at  j)resent  are. 

The  legal  dates  for  commencing  to  fish  in  the  Scottish  rivers  in  1887  were  as 
follows  :— Thurso,  for  rods,  January  11th  to  September  14th. — Tweed,  for  rods, 
February  1st  to  November  30th  ;  nets,  February  15th  to  September  14th. — Tay, 
for  rods,  February  5th  to  October  10th  ;  nets,  February  5th  to  August  21st. — 
Aline,  Alness,  Annan,  Applecross,  Arnisdale,  Awe,  Aylort,  Ayr,  Baa,  Badachro, 
Balgay,  Bcrriedale,  Bladenoch,  Broom,  Brora,  Carron,  Clyde  and  Leven, 
Conon,  Cree,  Creed  (Stornoway),  Creran,  Crowe,  Deo  (Aberdeenshire),  Dee 
(Kirkcudbright),  Deveron,  Don,  Doon,  Ewe,  Fleet  (Sutherlandshire),  Forth, 
Forss,  Glenelg,  Gour,  Greiss,  Grudie,  Gruinard,  Halladale,  Helmsdale,  Hope  and 
Polla,  Inchard,  Inver,   Kennart,  Kilchoan,   Kinloch,  Kirkaig,   Kishorn,  Laxford, 

*  Mr.  A.  Young,  British  Industries,  1877,  p.  232,  observed  of  the  conjoined  Acts  of  1862-68, 
that  "  as  these  Acts  at  present  stand,  stake-nets  and  bag-nets  may  be  placed  far  too  near  the 
mouths  of  rivers ;  there  being  at  least  twenty  river  with  estuaries  so  fixed  by  the  Commis- 
sioners under  the  Acts  of  1862,  that  such  nets  may  be  placed  at  distances  varying  from  400  to 
150  yards  from  the  mouth  of  the  river  on  each  side,  measured  from  a  point  fixed  in  mid-channel. 
.  .  .  No  fixed  net  should,  in  any  case,  be  allowed  to  be  placed  nearer  than  half- a-mile  from  the 
mouth  of  a  salmon  river."  While  in  these  Acts  "  there  is  no  deliuitiou  of  what  constitutes  a 
fixed  engine," 


SALMON— IRISH    FISJLERY    LAWS.  133 

Lcven,  Lochy,  Locli  Duicli,'  Loch  Luliii?,  Locli  Koag,  Lussa,  Moidart,  M(jnir, 
Navor  and  l]orgit>,  Fcocliaii,  Ormsary,  Ponuygown,  llosort,  Saiula,  Scaddle, 
Shiel,  Sligachan,  Snizort,  Stratliy,  Torridon,  Ullapool,  and  Wick,  for  rods,  rroni 
February  lltli  to  October  31st;  for  nets,  from  Fcljruary  lltli  to  August  2Gtli. — 
Beaul}',  Dunbeatli,  Kyle  of  Sutherland,  Lossie,  Nairn,  Ness  and  Spcy,  for  rods, 
from  February  lltli  to  October  15th  ;  for  nets,  from  Fcbx'uary  11th  to  August  2Gth. 
— Findhorn,  for  rods,  from  February  11th  to  October  10th  ;  for  nets,  from 
February  11th  to  August  2G. — Drummachloy  (Isle  of  Bute),  for  rods,  from 
February  lOth  to  October  15tb  ;  for  nets,  from  February  IGth  to  August  31st. — 
Add,  Echaig,  North  Esk,  Shira,  South  Esk,  Fyne,  Aiay  and  Rucl,  for  rods,  from 
February  16th  to  October  31st;  for  nets,  from  February  IGth  to  August  31st. — 
Bervie,  Carradale,  Fleet  (Kirkcudbright),  Clayburn,  Finnis  Ba}',  Avennangcrcn, 
Strathgravat,  North  Lacastile,  Scalladalc,  Mawrig,  Fincastle,  ]\Ieaveg,  Balla- 
nachist.  South  Lacastile,  Borvc,  Obb,  Girvan,  Inner,  lorsa,  Irvine,  Laggan,  Luce, 
Stinchar,  Ugie,  Mullanageren,  Horasary,  Loch-na-ciste,  Urr,  Ythan,  Howmore, 
Nith,  for  rods,  from  February  25th  to  October  31st;  for  nets,  from  February  25tli 
to  September  9th. 

The  Irish  Inspectors  of  Fisheries  reported  that  in  1882,  33,885  boxes  of  salmon  of 
150  lb.  -weight  each  Avere  exported  to  England ;  in  1883,  59,171  ;  in  1884,  46,955  ; 
and  the  total  prices  realized  were  £443,782  in  1883,  and  £410,85G  in  1884.  The 
number  of  nets  which  paid  duty  in  1884, were  305  snap-nets,  811  draft-nets,  303  drift- 
nets,  36  pole-nets,  51  bag-nets,  0  fly-nets,  55  stake-nets,  head  weirs  2,  box  or  crib  45, 
gap,  eye,  &c.  315,  sweepers  4,  coghills  58,  loop-nets  26,  but  from  the  evidence  given 
before  the  Committee  of  the  House  of  Commons  in  1885,  there  appears  to  be  a  large 
number  used,  especially  in  salt  water,  that  do  not  pay  any  duty  at  all.  While  stake- 
nets  which  were  put  down,  as  in  the  Shannon  in  1863,  are  now  as,  if  not  more, 
numerous,  than  they  were  at  that  period. 

A  few  instances  of  Irish  salmon  rivers*  as  they  are  reported  to  be  at  present 
will  be  given  so  as  to  illustrate  the  effects  of  certain  modes  of  fishing,  and  the 
reasons  adduced  by  one  of  the  Inspectors  respecting  legalizing  certain  destructive 
modes  of  netting  salmon  as  the  half-tram  or  fixed  draught-net,  and  also  the  pro- 
position which  has  been  made  to  reduce  the  close  season  and  weekly  close  time ; 
there  being,  so  it  has  been  asserted,  too  many  breeding  salmon  in  the  liver  at  the 
spawning  period  ! 

It  is  remarkable  how  history  repeats  itself.  In  November,  1851,  it  was  asserted 
in  the  pages  of  the  Dublin  University  Magazine  that  a  Bill  had  been  introduced 
in  1842  by  the  then   Government,  and  which  speedily  passed  into  law  without 

*  In  the  Blackwater,  Select  Committee  of  the  House  of  Commons  on  the  Salmon  Fhheries, 
{Ireland),  1885,  it  was  stated  that  owing  to  the  Act  of  1863,  the  number  of  standing  weirs  was 
reduced  from  .33  to  3,  as  a  consequence  the  salmon  soon  began  to  largely  increase  in  numbers,  and 
immediately  there  was  an  invasion  of  drift  nets  in  the  river  and  half-tram  or  fixed  draught-nets 
in  the  sea.  Fortunately  the  Duke  of  Devonshire  and  others  were  able  to  prove  rights  to  a  several 
fishery  in  the  river  and  there  the  drift-nets  were  placed  under  control  as  well  as  reduced  from  105 
to  45,  while  to  save  the  fisheries  from  almost  certain  destruction  api^lication  was  made  and  leave 
given  that  netting  in  nine  miles  of  its  course  should  cease.  Unfortunately  the  number  of  nets  seems 
to  be  vastly  increasing  outside  the  mouth  of  the  river  and  with  a  greater  rapidity  than  is  whole- 
some for  the  fisheries.  3Ir.  Slatterij  deposed  (p.  77)  that  in  a  fishery  a  few  miles  above  Lismore 
a  tenant  holding  120  acres  of  land  on  lease  (for  lives)  taken  before  1863  for  £101.  10s  never  prior 
to  this  period  obtained  a  penny  for  his  fishing.  The  weir  was  removed  in  1865,  and  the  first  time 
he  obtained  any  rent  was  in  1866  when  he  got  £5  for  the  year,  in  1868  he  got  £12  annually,  in 
1871  £25,  1874  on  ten  years'  lease  at  £40,  in  1884  it  was  let  on  a  seven  years'  lease  at  £80. 
Similarly  the  Stafford  fishery  in  the  same  river,  which  in  1866  was  let  at  £7  annually,  now  (1885) 
is  hired  on  a  seven  years'  lease  at  £80.  In  another  next  below,  or  Meagher's  fishery,  in  1868  let  at 
£5  a  year,  but  in  1885  at  £34.  Coleman's,  which  formerly  did  not  let,  now  obtains  £30,  while  the 
Careyville  fishery  has  risen  from  £100  to  £700,  and  others  in  proportion.  Captain  Francks 
observed  with  regards  to  the  migration  of  the  young  of  the  salmon  that  in  1808  they,  i.e.,  salmon  fry, 
were  being  caught  up  to  the  last  day  of  the  open  season  (October  31st)  and  the  water  bailill"  was 
directed  to  continue  fishing  into  the  close  season  to  prove  this,  and  on  November  27th,  six  of  a 
much  larger  size  than  the  February  smolt  were  captured  for  a  meeting  of  the  Conservators. 

The  Bandon  river  was  rented  in  1846  at  £170  a  year,  and  evidence  was  subsequently  obtained 
that  the  produce  from  1864  to  1872  had  been  as  follows :— 1864,  5  tons  6  cwt.  3  qr.  25  lb.  ;  1865, 

3  tons  19  cwt.  1  qr. ;  1866,  6  tons  18  cwt.  3  qr.  7  lb.  ;  1867,  4  tons  3  cwt.  1  qr.  V.)  lb. ;  1868,  8  tons 

4  cwt.  3  qr.  24  lb  ;  1869,  7  tons  8  cwt.  2  qr.  7  lb.  ;  1870,  7  tons  13  cwt.  1  qr.  8  lb. ;  1871,  4    tons 
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stifficient  discussion  and  owing  to  wliicli  Ireland  in  1851  liad  to  deplore  the 
prostration  and  ruin  of  her  salmon  fisheries. 

It  was  held  in  1842,  as  many  assert  now,  that  by  extending  the  period  for  and 
means  of  capturing  salmon  an  augmented  supply  would  be  obtained.*  That  fixed 
engines  in  a  river  were  a  monopoly,  to  remedy  which  they  legalized  a  new  monopoly 
by  fixtures  in  the  sea  and  tideway  and  thus  the  last  state  of  monopoly  was  worse  than 
the  first.  Then  came  the  Act  of  1863  which  cleared  away  these  fixed  engines  or 
bag-nets  from  the  Irish  rivers  and  opened  Queen's  gaps  in  weirs  where  none 
previously  existed.  The  result  was  that  soon  a  considerable  increase  became 
observable  in  the  take  of  salmon.  But  now  a  new  difficulty  set  in,  for  with  an 
ind'ease  of  fish  came  a  great  augmentation  of  draft-nets,  and  in  some  rivers  the 
fisheries  are  now,  and  greatly  from  this  canse,  said  to  be  hastening  towards  the 
condition  they  were  in  prior  to  1863. 

A  Bill  was  introduced  in  1885,  observed  the  Conservators  of  No.  4  district  of 
the  River  Blackwater,  "  under  the  auspices  of  the  National  Party  of  Ireland,  whoso 
avowed  intention  is  to  benefit  the  poor  fishermen  of  that  country;  but  the 
inevitable  result  of  which  legislation  would  be  eventually  to  ruin  the  industry." 
Its  jDurport  was  to  curtail  the  annual  close  season  by  forty-four  days,  and  the 
weekly  close  time  by  twelve  hours,t  to  legalize  the  use  of  the  half-tram  net  which 
was  abolished  in  1863  :  to  establish  different  seasons  for  different  divisions  of  the 
same  river,  and  to  separate  the  season  for  trout  fishing  with  the  rod  from  that  of 
salmon  fishing  by  the  same  means.  J 

14  cwt.  3  qr.  19  lb. ;  1872,  G  tons  3  cwt.  1  qr.  7  lb.  As  a  ton  is  of  about  the  average  value  of  £120 
tliis  sliows  produce  of  between  £700  and  £800  a  year  from  a  river  that  at  first  was  letting  at 
£170  (Major  Hayes,  Select  Committee  on  Salmon  Fisheries  (Ireland),  1885,  p.  45).  Tlie  reasons 
adduced  for  tlie  improvement  subsequent  to  the  Act  of  1863  were,  to  the  additional  weekly  close 
season  and  the  restricting  of  netting  to  the  lower  waters. 

Respecting  the  Inver  Mr.  Sinclair  gave  evidence  (I.e.)  that  the  Act  of  1863  effected  a  great 
improvement  for  a  certain  number  of  years  owing  to  its  removing  the  bag-nets  that  had  been 
legalized  in  1842,  but  since  then  fixed  draught-nets  or  half-tram  nets  have  done  incalculable 
injury ;  the  figures  he  adduced  for  the  river  were  as  follows  : — 5  years  ending  18G8,  annual  average 
take,  salmon  292,  trout  1284  ;  5  years  ending  1873,  salmon  1066,  trout  391 ;  5  years  ending  1878, 
salmon  468,  trout  736  ;  6  years  ending  1884,  salmon  245,  trout  904. 

*  See  note,  p.  131  (ante). 

f  Some  sea  fishermen  went  further,  in  fact  proposing  to  give  them  the  extra  twelve  hours, 
but  to  refuse  it  to  the  river  fishermen.  Thus  a  coast  fisherman,  "  Mr.  Leake,  lessee  of  a  consider- 
able net  salmon  fishery  on  the  coast  of  Donegal,  about  three  miles  in  extent,  and  entirely  in  the 
sea,  said  that  he  fished  with  a  bag-net  and  a  draft-net.  He  fished  from  May  to  August.  He  was  of 
opinion  that  he  should  be  allowed  to  fish  until  six  o'clock,  because  the  sea  was  a  very  rough 
place,  and  you  could  not  fish  more  than  four  days  a  week.  As  to  the  rivers,  the  fishermen  could 
always  fish,  and  he  was  of  opinion  the  close  time  for  rivers  should  not  be  reduced  from  forty- 
eight  hours  to  thirty-six.  The  annual  close  time  should  remain  as  it  is." — Evidence  before 
Select  Committee  of  House  of  Commons,  1885. 

X  "  The  salmon  fisheries  are  now  retrograding  towards  the  condition  in  which  they  were  found 
by  the  Act  of  1863,  when,  as  every  one  knows,  the  extinction  of  vast  numbers  of  bag-nets  and 
other  fixed  engines  was  followed  by  much  increased  protection  of  the  spawning-grounds,  and 
a  consequent  revival  of  the  fisheries,  although  they  never  entirely  recovered  from  the  low  condition 
to  which  they  had  been  reduced  by  the  legalization  of  all  sorts  of  fixed  engines  in  1842.  This 
revival,  however,  Avas  forthwith  followed  by  an  immense  increase  of  legal  and  illegal  fishing  at  sea, 
which  from  the  first  was  so  destructive  as  to  discourage  the  owners  of  the  minor  rivers  (which 
are  the  heaviest  sufferers)  from  resuming  the  protection  of  most  of  those  which  had  been 
abandoned,  and  in  this  district  (Ballyshannon)  numbered  five.  The  earliest  of  the  reports  of  the 
inspectors  of  Irish  fisheries  to  which  I  have  an  opportunity  of  referring  to  at  present  is  that 
for  1870.  Comparing  it  with  that  for  1883,  just  published,  I  find  that  the  destructive  engines 
licensed  for  salmon  capture,  exclusive,  of  course,  of  rods,  have  increased  in  number  from  1200  in 
the  former  year,  to  1750  in  the  latter,  that  is  nearly  fifty  per  cent.  Of  this  increase,  that  of  draft 
and  drift-nets  is  from  790  to  1214,  and  this  increase  is  annually  progressing  in  every  district  in 
Ireland  except  Ballyshannon,  where  there  is  an  actual  decrease,  because  drift-nets  have  not  as 
yet  been  introduced  there,  and  tlie  draft-net  men  find  it  more  economical  to  fish  without  licence, 
as  they  have,  except  in  specially  circumstanced  stations,  every  facility  for  doing.  Tliis  decrease 
is  from  thirty-four  in  1870  to  twenty-seven  in  1884,  and  as  of  the  twenty-seven,  about  ten  belong 
to  river  proprietors,  it  would  seem  that  the  sea  licences  have  decreased  by  about  thirty-five  per 
cent.,  but  they  will  rapidly  increase  again  if  Mr.  Blake's  Bill  for  allowing  boats  to  fish  at 
half  tram  becomes  law,  as  all  now  fishing  either  draft  or  drift-nets  can  at  once  turn  them  into 

fixed  engines,  a  '  half-tram.' Boards  of  Conservators  should  have  power  to  cause 

sufficient  watchers  to  be  employed  on  tlie  rivers  within  their  districts,  as  well  as  to  take  possession 
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There  are  several  improvements  very  much  needed  in  tlie  Irish  Fisliery  Laws,* 
and  the  modes  in  whicli  they  are  carried  out,  but  respecting  which  readers  must 
be  referred  to  treatises  on  the  subject,  the  annual  reports  of  Fishery  Commissioners, 
and  the  evidence  in  Blue  Books.  The  weekly  close  time  for  nets  in  that 
country  was  fixed  in  18G3  at  forty-eight  hours,  commencing  G  a.m.  on  Saturday 
and  continuing  until  G  a.m.  on  Monday,  while  the  close  season  extended  for 
1G8  days.  But  as  regards  this  annual  close  time  for  netting,  the  periods  of  their 
incidence  are  so  varied,  and  the  changes  so  constant,  that  no  good  could  be  attained 
in  detailing  the  rules  at  force  in  different  localities  ;  speaking  generally  it  covers 
the  last  three  months  of  the  year  inmost  rivers,  and  even  four-and-a-half  in  some. 
"While  angling  with  cross-lines,  elsewhere  poaching,  as  a  rule  has  a  similar  close 
time  to  netting  :  and  the  open  season  for  angling  with  a  single  rod  and  line  varies 
in  its  commencement  from  February  1st  to  the  beginning  of  June. 

As  regards  the  means  of  capture  employed  for  the  taking  of  salmon  Avithin  the 
limits  of  the  British  Isles,  those  which  are  legalized  may  be  classed  under  three 
heads  : — (1)  Such  as  are  carried  on  in  fresh  waters  above  tidal  influence  :  (2)  in 
estuaries  and  tidal  portions  of  rivers  :  and  (8)  those  in  the  open  sea  or  along  the 
foreshore  of  the  ocean.  This  may  be  accomplished  by  angling  in  various  ways  : 
by  fixed  modes  of  capture  as  weirs,  puts  and  putchers,  and  stationary  nets :  or  by 
drift-nets,  set-  or  hang-nets,  draught  or  seine-nets,  and  hand-nets. 

The  estimated  number  of  salmon  fishermen  in  England  and  Wales,  as  shown 
by  the  actual  amount  raised  in  licence  duties  on  instruments  used  for  their 
capture,  was  given  in  1867  at  3029  net  fishermen,  and  2350  rod  fishennen  ;  these 
have  steadily  increased  until  in  1885  there  were  3747  of  the  former,  and  4774  of 
the  latter,  t 

In  Ireland,  in  1863,  there  were  9774  persons  engaged  in  salmon  fishing. 
During  the  quinquennial  period  ending  1868,  they  averaged  yearly,  10,G79; 
during  that  ending  1873,  10,33G ;  that  ending  1878,  11,570;  that  ending  1883, 
11,596.  In  1884  the  number  of  licensed  persons  employed  were— rod  fishing, 
2460 ;  cross-lines,  226  ;  pollen  trammels,  232  ;  salmon  nets  or  traps,  9191 ;  or  a 
general  total  of  12,109  individuals. 

Some  experiments  were  made  in  Ireland,  as  remarked  upon  in  the  Dullin 
University  Bevieiv,  November,  1851,  in  order  to  ascertain  the  size  of  the  members 

of  such  rivers  as  are  now  unpreserved,  and  make  them,  as  they  formerly  were,  nurseries  for 
Balmon.  To  provide  for  this  outlay,  they  should  have  power  within  their  own  boundaries  to  fix 
the  tariff  of  licences,  and,  in  case  these  did  not  produce  sufficient  funds,  to  lay  a  supplementary 
tax  on  every  fishery  according  to  its  value,  and  until  something  of  this  sort  is  done,  not 
only  will  there  be  no  improvement,  but,  on  the  contrary,  many  more  of  the  small  rivers  will  cease 
to  be  protected  at  all.  There  is  much  more  of  a  '  solidarity  '  of  interests  between  all  the  rivers 
of  a  district,  in  fact  of  the  entire  coast,  than  is  generally  supposed.  That  a  certain  number  of  the 
salmon  bred  in  a  particular  river  will  return  to  it  in  grilse  or  salmon  state  is  quite  true,  but  every 
year  brings  proof  that  many  of  them  wander  very  far,  and  at  all  events  a  much  larger  number 
would  be  found  along  the  shores  by  the  drift  and  draft-net  fishers,  who  should  be  called  upon  to 
pay  something  towards  their  preservation"  (AV.  Sinclair,  Field,  September  30th,  188-1). 

*  In  the  Proceedings  of  a  Committee  of  the  House  of  Commons  in  May,  1885,  respecting  a 
proposed  new  Irish  Fishery"  Bill,  Mr.  Harris  remarked,  when  giving  evidence,  that  the  o^yner  of  a 
several  fishery  could  in  some  places  prevent  a  single  fish  from  passing  up  to  the  spawning  beds. 
These  rights  were  beginning  to  operate  on  the  Shannon.  The  public  did  not  altogether  realize 
the  change  that  was  gradually  depriving  them  of  the  rights  which  they  used  to  enjoy.  Draught- 
net  fishing  on  the  Shannon  lakes  was  a  legitimate  mode  of  fishing,  because  they  could  not  fish 
all  the  Avaters.  Where  a  man  owned  both  banks  of  the  river  he  could  starve  out  all  who  were 
above  him.  There  would  be  no  chance  of  a  fish  getting  up  except  in  the  close  season,  or  at  night- 
time, and  night-time  was  the  favourite  time  for  poaching,  so  that  with  draught-nets,  the  Lax 
Weir,  and  poaching,  the  Shannon  salmon  fishery  would  be  ruined.  Several  draught-nets  had 
been  introduced  in  the  last  four  or  five  years,  and  day  after  day  the  fishery  was  becoming 
reduced."  Also  Major  Hayes  concluded  his  report  for  1884,  respecting  the  penalty  for  wilfully 
taking,  killing,  destroying,  exposing  for  sale,  or  having  in  possession  any  red,  black,  foul,  unclean, 
or  unseasonable  salmon  or  trout.  That  "it  is  understood  that  spent  fish,  viz.,  fish  which  have 
recently  spawned,  would  come  under  the  head  of  unseasonable  salmon,  but  it  is  most  diilicult 
to  secure  convictions  for  killing  or  having  them  in  possession,  some  magistrates  requiring 
evidence  that  such  fish  are  unwholesome  and  unfit  for  food,"  so  vast  quantities  are  killed  with 
impunity.  ,i 

f  These  are  exclusive  of  men  employed  under  the  holders  of  "  general  licences. 
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of  the  salmon  family  whicli  could  or  could  not  pass  through  meshes  of  certain 
diameters. 

2  in.  between  bars,     3i    lb.    peal  will  pass :  4  lb.  will  not. 
2^  „  „        ,,     up  to  5  lb.    „         ,,     :  5i  lb.  will  barely  pass. 

Meshes,  li  in. — 3j  lb.  peal  will  pass  :  4  lb.  will  not  pass. 
j>       1^  )>       ^4  lb.     ,,  ,,         :  b  lb.  ,, 

As  regards  angling  for  salmon,  it  will  be  impossible  to  here  enter  upon  all  the 
various  modes  of  fly-fishing  in  fresh  waters  whicli  are  recommended  for  the 
capture  of  this  king  of  fresh-water  fishes.  The  reader  must  be  referred  for  this 
purpose  to  cunning  treatises  on  the  gentle  craft,  from  whence  he  may  obtain 
information  given  by  experienced  anglers,  as  to  how  to  wade,  fish  from  a  boat  or 
a  coracle,  or  the  banks  of  a  river — what  rod  will  be  best  suited  for  his  purpose, 
the  most  appropriate  reel  or  line,  and,  lastly,  the  best  description  of  fly.  For 
these  latter  differ  in  different  waters,  and  may  be  said  to  generally  resemble 
nothing  that  is  normally  found  in  the  earth,  air,  or  silvery  stream ;  while  the  tyro 
is  usually  warned  not  to  strike  too  soon,  but  when  he  does  so  to  do  it  with  no 
uncertain  stroke.  Lastly,  the  proa  and  cons  as  to  whether  to  employ  a  gaff  or 
landing  net  in  order  to  secure  a  hooked  fish  have  to  be  considered. 

In  some  places  fresh  or  boiled  shrimps  or  prawns  are  used  as  a  bait  by  anglers. 
They  may  be  boiled  in  a  saucepan  of  water  to  which  a  handful  of  saltpetre  has 
been  added,  removing  them  as  soon  as  they  turn  colour;  they  are  then  dried 
singly  on  a  cloth,  and,  when  quite  dry,  ai'e  placed  in  layers  in  a  glass  or  earthen- 
ware wide-mouthed  jar,  whicli  is  then  filled  up  with  glycerine,  and  they  may  be 
kept  so  for  months  (see  Major  Treherne,  Badminton  Series,  Salmonida?,  p.  3G1). 
Salmon  arc  found  to  sometimes  take  them  when  they  will  not  look  at  an  artificial 
minnow,  which,  however,  is  a  killing  bait  under  certain  conditions.  Live  bait  is 
usually  tried  within  tidal  influence,  where  the  artificial  fly  has  also  been  known  to 
have  proved  successful.     Now  and  again  a  salmon  is  taken  by  a  minnow. 

Rod  fishing*  is  sometimes  put  a  sudden  stop  to  by  the  unexpected  presence  of 
otters,  which  drive  the  fish  from  the  fords  into  deep  pools.  While  poachcrsf  some- 
times stone  salmon  off  the  shallows  while  scouring,  and  an  accomplice  with  a  gaff 
secures  the  alarmed  fish  as  it  dashes  down  the  stream. 

A  form  of  sport  which  used  to  be  common  in  many  parts,  but  is  now  illegal,  is 
spearing  J  salmon  by  torch-light,  so  well  described  by  Sir  Walter  Scott  in  "  Guy 
Mannering." 

Dogs§  have  frequently  been  trained  to  assist  fishermen  in  their  work,  and 
Yarrell  related  how  a  poacher  in  the  Dart  used  to  fix  his  trammel  net  at  the  lower 
end  of  a  deep  pool.     He  then  sent  his  dog,  which   had   been  trained  for  the 

*  When  illegally  fly-fisliing  for  salmon-fry  a  killing  bait  is  said  to  be  a  maggot  or  bit  of  wliite 
kid  either  on  the  lly  or  on  a  bare  hook. 

f  In  some  rivers,  as  the  North  Esk,  a  method  of  illegal  fishing  was  said  to  have  been  in 
existence,  even  to  recent  years,  and  pursued  by  some  anglers,  although  elsewhere  it  is  generally 
left  to  the  poachers.  It  is  termed  sniggering,  sniggling,  raking,  grappling,  or  dragging,  and  in 
England  as  strokchalling,  or  snatching,  and  is  thus  carried  on.  When  the  water  is  low,  and  the 
fish  are  collected  in  a  pool  and  refuse  the  fly,  a  hook  is  weighted  with  lead,  or  the  fly  alone  is  sunk, 
or  even  a  triangle  of  hooks  or  grapples  may  be  used,  and  these  are  dragged  through  the  water 
with  the  purpose  of  foul-hooking  salmon.  Or  this  may  be  done  by  using  a  short  line  to  which  a 
couple  of  hooks  are  attached,  then  sinking  the  end  of  the  rod  in  the  river,  they  are  dragged  along. 
Although  some  fish  are  doubtless  taken  in  this  manner,  many  break  away  injured,  often  fatally 
so  ;  and  one  can  well  understand  that  the  District  Board  of  the  North  Esk  are  unanimously  of 
opinion  that  in  any  new  Act  steps  should  be  taken  to  put  down  this  unsportsmanlike  practice, 
which  might  well  be  brought  to  the  notice  of  any  Society  that  cared  to  interfere  where  useless 
cruelty  to  animals  is  carried  on. 

X  Spearing  or  leistering  salmon  by  torch-light,  was  thus  remarked  upon  by  Fraser  {Sahuon. 
1833,  p.  20),  that  he  had  known  several  fords  of  spawning-ground  almost  cleared  of  male 
breeders  in  one  night.  The  females  are  more  wary,  and  if  they  obtain  a  single  glance  of  the  torch- 
light will  at  once  run  into  deep  water,  but  in  a  few  minutes  will  wheel  round  and  return  to  their 
beds. 

§  W.,  in  The  Field,  November  8th,  1884,  observed,  "  Major  Gleig,  fishing  in  the  Eamont,  a 
tributary  of  the  Eden,  got  a  16  lb.  salmon  under  very  curious  circumstances.  The  fish  was  fairly 
well  hooked,  and  gave  promise  of  some  excellent  play  before  being  brought  to  book.  No  sooner 
did  he  begin  to  show  himself  in  tire  water,  however,  than  a  Dandie  Dinmont,  the  companion  of 
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pui'posc,  to  divo  into  tlio  river,  like  an  otter,  at  tlic  upper  end  of  tlie  pool,  on 
wliich  the  alarmed  salmon  dashed  down  stream  and  became  meshed  in  tliu 
trammel. 

In  the  cmi)U)yment  of  nets  during  dry  seasons  the  take  of  salmon  in  (liu 
tideway  is  above  the  average  because  tliey  are  detained  and  unalde  to  ascend, 
lint  in  such  years  with  low  rivers  and  clear  water  anglers  rarely  have  a  succcssfiil 
time.  If  it  is  desii'ed  to  increase  the  stock  of  fish  in  a  river  botli  the  period 
during  whicli  netting  is  i)ennitted,  the  number  and  size  of  the  nets  which  are 
licensed,  how  they  arc  used,  and  the  localities  where  they  are  allowed  should  be 
strictly  limited.  But  it  must  always  be  a  question  as  to  what  extent  the  laws 
arc  or  can  be  carried  out,  and  whether  any  local  customs  exist  which  are  opposed 
to  such.  It  has  been  already  observed  (p.  69)  that  some  fishermen  asserted 
that  wei'C  night-fishing  in  rivers  abolished  their  occupation  would  be  at  an  end. 
However,  the  Conservators  of  the  Wye  have  enacted  a  bye-law  to  abolish  night- 
netting  and  so  far  it  has  acted  advantageously.*  In  many  rivers  when  the  salmon 
season  has  legally  closed,  fishermen  substitute  fine  meshed  nets  for  salmon-nets, 
and  continue  fishing  as  before,  pretending  to  be  doing  so  for  coarse  fish  and  in  tlie 
estuary  for  shrimps,  while  in  reality  they  are  capturing  salmon.  The  ncai*er  the 
spawning  season  the  more  inferior  in  quality  are  the  fish  ascending  rivers  to  breed, 
and  these  are  the  class  of  salmon  which  are  captured  by  shortening  the  close  season 
at  its  commencement  in  August  and  September. 

But  in  the  fresh  waters  above  tidal  influence  many  difierent  methods  of 
netting  may  be  employed,  as  by  the  draft-net  which  will  subsequently  have  to  he 
considered.  That /Vom  coraclesf  is  commonly  employed  in  the  Severn  and  rivers 
of  Wales.  The  shape  of  the  coracle  resembles  that  of  a  walnut  shell,  about  six 
feet  in  length  and  four  feet  in  width,  while  it  has  a  seat  across  its  middle.  It 
is  constructed  of  basket  work,  and  covered  with  cloth  or  flannel  which  is  subse- 
quently overlaid  with  tar,  while  a  paddle  is  employed  to  propel  it.  These  boats  are 
very  light  and  portable.  There  are  several  sorts  of  nets  used  by  coracle  fishermen 
as  the  truclcle  net,  when  there  are  two  of  these  boats  separated  by  a  net  about 
sixteen  yards  in  length.  There  is  also  a  second  line,  which  on  being  tightened 
closes  the  net.  Each  fisherman  holds  one  end  of  the  drag-line  and  paddles  with 
the  other  hand,  so  as  to  kee^D  the  boats  as  far  asunder  as  possible.  IJirectly  they 
feel  a  fish  the  drag-line  is  let  go  and  the  second  lino  is  at  once  tightened,  the  net 
closed,  and  the  fish  drawn  into  the  coracle.  In  the  upper  waters  of  the  Bee  these 
nets  are  used  by  poachers,  and  are  so  small  that  they  can  be  carried  in  a  bag  or 
even  in  the  pocket.  The  very  darkest  nights  are  the  best  for  the  poachers.  They 
glide  down  the  river  in  their  two  coracles  with  this  deadly  net  between  them  and 
"without  making  the  slightest  noise  except  the  splash  of  the  captured  fish :  while 
accomplices  are  employed  to  watch  the  -water-bailifis. 

Weirs  or  dams  are  obstructions  in  rivers  extending  partly  or  entirely  across 
their  course,  and  from  their  height  cither  impeding  or  preventing  the  ascent  or 
descent  of  salmon  and  other  fish :  but  the  injury  they  occasion  has  in  some 
localities  been  partly  obviated  for  ascending  forms,  by  the  construction  of  free 
gaps  or  fish  passes  (see  pp.  73,  74,  and  121).  Some  are  for  the  use  of  mills  or  other 
works  or  for  the  purposes  of  irrigation,  or  raised  by  companies  for  the  assistance 

the  Major's  excursions,  all  unobserved,  plunged  into  the  stream,  with  the  apparent  object  of 
'  bearing  a  hand  '  in  the  capture.  Vociferous  calls  to  return  to  bank  were  unavailing,  and 
'  Dandie '  vigorously  jDursued  his  way  towards  his  intended  game,  with  which  ho  soon  came  into 
close  quarters,  and  adroitly  laid  hold  of  the  dorsal  fin,  to  which  he  clung  with  all  the  tenacity  of 
a  bulldog.  The  line  became  entangled  around  the  dog  and  the  fish,  and  unable  to  bear  the 
additional  strain  soon  gave  way.  The  gallant  angler's  feelings  at  that  moment  may  be  more 
readily  imagined  than  described  ;  but  the  dog  kept  his  hold  on  the  fish,  and,  after  a  struggle  with 
his  prey  which  lasted  from  eight  to  ten  minutes,  Dandie  succeeded  in  approaching  suiliciently 
near  to  the  bank  to  enable  the  major  to  make  use  of  the  gaff,  and  both  fish  and  dog  were  soon 
safely  landed." 

*  In  the  Severn  it  was  illegal  from  17G6  to  1861. 

t  Coracles  were  employed  so  long  ago  as  the  time  of  the  Romans,  when  their  outer  covering 
was  made  of  skins.  They  are  in  use  in  Southern  India,  and  I  have  fished  from  them  in  the 
Bowany  river  in  the  Presidency  of  Madras. 
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of  navigation,  for  railways,  or  waterworks.  Many  of  these  weirs  are  destitute  of 
any  traps  made  especially  for  the  capture  of  fish,  but  nevertheless  in  some  mill- 
weirs  the  fish  are  struck" and  killed  wliile  passing-  beneath  the  engine,  also  unless 
proper  care  is  taken  fish,  especially  the  fry  descending  rivers,  often  have  their 
course  deflected  by  the  mill-lead.  In  some  weirs  or  dams  cruives  are  inserted 
into  gaps  in  their  walls  through  which  water  descends,  and  into  which,  on  the 
rat-trap  principle,  fish  can  enter,  but  from  which  a  grating  prevents  their  return. 
In  fact,  in  fresh  waters  numei-ous  varieties  of  fish  traps  have  existed,  do  exist,  or 
may  again  be  legalized,  as  cuts,  cages,  coops,  slaughters,  etc.,  all  being  intended 
for  the  purpose  of  capturing  salmon  ascending  or  descending  streams. 

In  estuaries  and  tidal  portions  of  rivers  sweep-nets  or  seine-nets  are  employed, 
to  some  of  which  a  rope  is  attached  being  fixed  or  held  on  shore,  while  the  body 
of  the  net  being  in  a  boat  is  rowed  round  a  semi-circle  of  the  stream,  and  payed 
out  by  the  boatman.  Drift-nets  can  be  worked  down  the  centre  of  the  stream, 
and  seines  from  both  banks  if  the  river  is  sufficiently  narrow.  The  net-ancl-cohhle 
industry  is  largely  worked  for  the  capture  of  salmon  at  the  mouths  of  rivers 
and  in  estuaries,  while  a  modification  is  used  in  the  Annan,  which  is  termed 
a  troiv. 

In  some  estuaries  and  tidal  portions  of  rivers  the  amount  of  mud  present  in 
the  water  may  render  netting  difiicult,  while  should  a  rapid  tide  likewise  co-exist, 
such  a  procedure  may  be  impossible  at  least  by  long  nets,  as  in  portions  of  the 
Severn.  The  presence  of  ice  in  rivers  likewise  interferes  with,  and  may  even  stop 
netting.  Fixed  nets*  are  by  no  means  uncommonly  employed  and  may  be  observed 
in  use  at  the  mouths  of  many  rivers. 

A  destructive  mode  of  fishing  but  which  is  now  illegal,  was  formerly  common 
in  the  Tweed  and  some  other  Scotch  rivers,  and  is  not  unknown  in  English  ones. 
Its  principle  is  that  a  net  is  affixed  to  the  shore  or  made  fast,  and  a  man  takes  the 
other  end  out  in  a  boat  and  when  a  fish  is  observed  coming  up  that  part  of  the  river, 
the  fisherman  in  the  boat  gives  notice  to  his  mate  at  the  shore  end,  and  the 
net  is  worked  round  the  fish  and  brought  on  shore.  This  is  termed  "  stilling  "  or 
stellino-.f  Or  else  men  are  stationed  at  certain  spots  where  the  water  is  shallow 
and  the  ascent  of  salmon  can  be  noted,  they  at  once  give  an  alarm  and  a 
boat  containing  one  of  the  nets  is  immediately  rowed  off,  the  net  being  as  rapidly 
dropped  into  the  stream,  the  other  end  having  been  left  on  shore,  and  the  net  is 
carried  round  the  ascending  fish. 

There  are  several  modes  of  netting  salmon  single-handed,  some  of  which 
approach  in  principle  very  closely  to  fixed  nets,  the  plan  being  such  as  described 
by  Sir  J.  Richardson  for  lialve-net  fisMng  in  the  Solway.  The  halve-net  consists 
of  a  funnel-shaped  net  or  poke-net,  ending  in  a  pocket  or  bag.  The  mouth  is 
stretched  on  an  oblong  frame  about  three  yards  wide,  to  which  a  handle  or  pole 
14  or  16  ft.  long  is  attached.  When  the  tide  commences  to  flow,  a  number  of 
fishermen  proceed  over  the  sands  and  arrange  themselves  in  a  close  line  across  the 
current  of  tbe  flood,  each  with  a  halve  resting  on  the  bottom  and  its  pole  against 
his  shoulder.   As  the  tide  rises  it  becomes  too  deep  for  the  man  furthest  from  the 

*  The  le^al  definition  of  a  fixed  net  is  "  weirs,  stakes,  bags,  stop  and  still  nets :  "  and  "whether 
fixed  to  the  soil  or  held  by  hand,  or  made  stationary  in  any  other  way." — 13th  &  14th  Vict.  c.  88. 

f  There  are  many  varieties  of  this  net  as  the  fi.red  dmmilit  net,  also  known  as  the  half-train  or 
half-tram  net  which  is  employed  by  poachers  in  Ireland,  either  at  the  mouths  of  rivers  or  along 
the  coast.  One  end  is  made  fast  to  the  shore,  it  is  weighted  at  the  bottom  and  has  corks  along 
its  surface,  half  its  length  is  so  fixed  betAvcen  the  shore  and  a  boat  at  anchor,  while  the  other 
half  lies  in  the  boat  ready  to  be  used  as  a  seine  if  a  salmon  shows  itself  within  capturing  distance. 
In  Hamilton's  Letters  concerning  the  Natural  Historij  of  the  Basalts  on  the  Northern  Coast  of  the 
County  of  Antrim,  exists  an  account  of  a  very  similar  net  then  employed  at  Carrick-a-rede, 
between  feallycastle  and  Portrush,  the  only  place  along  the  coast  suited  for  its  use.  The  shore 
end  of  the  net  is  fixed,  and  the  outer  end  is  carried  out  so  as  to  form  a  slight  concavity 
facing  the  direction  of  the  expected  salmon.  From  the  outer  end  another  rope  is  brought 
obliquely  to  the  shore  to  enable  the  net  to  be  swept  round  at  pleasure  and  drawn  to  the  land  : 
and  a  heap  of  stones  is  likewise  prepared.  As  soon  as  the  watcher  sees  the  fish  coming  he  gives 
notice  and  the  obliquely  placed  rope  is  manned  by  the  fishermen  and  dragged  to  shore  so  as  to 
encircle  the  school  of  salmon.  During  this  period  an  incessant  volley  of  stones  is  kept  up  to 
prevent  the  retreat  of  the  fish  until  the  net  has  been  completely  pulled  round  them. 
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sliorc,  Avho  then  i-Jilscshis  net  and  places  liiinself  at  the  otliev  extremity  of  tlic  line, 
where  lie  is  presently  siu-eeeded  by  another  and  another,  the  wliole  tlius  ch:iii{,fiiif^ 
places  continually.  When  the  halve  is  struck  by  a  lish,  its  mouth  is  instantly 
elevated  above  the  surface  by  the  lisherman  so  as  to  prevent  the  retreat  of  the  fish 
until  it  can  be  carried  into  shalU)w  water  and  secured.  Duriiijj;'  the  ebb  a  similar 
plan  is  pursued  in  a  i-eversed  order,  the  nets'  mouths  bein^  still  turned  to  the 
current,  but  the  fishermen  constantly  change  to  the  end  of  the  line  that  stands  in 
the  deepest  water.  Flat  fish  and  shrimps  are  said  to  be  the  principal  takes,  but 
also  salmon  occasionally. 

Stop-nets  of  the  Wye,  Usk  and  some  other  rivers  or  "  compass  nets  "  of  the 
Claddew  are  somewhat  similar  in  their  incidence,  for  at  the  ebb  and  flow  of  the 
tide  beats  are  fixed  or  moored  across  a  spot  which  is  in  the  run  of  the  fish.  The  net 
is  a  lai"ge  bag-net  npon  a  frame  of  from  25  to  35  ft.  beam  and  capable  of  being 
easily  raised  by  the  fisherman  who  rests  the  pole  on  the  gunwale  of  the  boat.  The 
net  is  snnk  so  that  the  bag  is  carried  by  the  tide  or  current  under  the  boat,  and 
the  open  portion  meets  the  stream.  At  the  extremity  of  the  bag  is  a  cord  from 
which  floats  a  cork,  or  one  end  of  it  the  fisherman  holds  in  his  hand.  On  a  fish 
striking  the  net  a  sensation  is  communicated  by  the  cord  and  the  net  elevated  as 
described. 

The  lave-nets  of  the  Severn  are  very  similar  to  the  halve-nets  of  the  Solway, 
if  used  in  line  such  is  termed  "  co wring,"  but  usually  each  fisherman  works  on 
his  own  account  and  on  a  falling  tide  when  he  intercepts  the  fish  on  the  shallows. 

But  among  the  fixed  instruments  |)?<i;J5  and pzi^c/iers,  otherwise  termed  trumpets, 
of  the  Severn  must  not  be  omitted.  They  are  wicker- worked  baskets  erected  on 
stages  the  framework  of  which  is  13  or  14  ft.  high,  firmly  fixed  in  a  double  row 
to  the  shore,  from  high-water  mark.  These  are  bound  together  by  cross  bars  on 
which  rest  the  putchers  placed  one  above  another,  with  their  wide  funnel- 
shaped  mouths  directed  either  up  or  down  sti"eam  as  they  are  intended  for  use 
with  the  flow  or  ebb  of  the  tide.  PutcJiers  are  set  upon  stake  stages  having 
as  many  as  from  300  to  500  several  putchers,  these  take  fish  on  the  ebb  and 
flow  of  the  tide  as  their  mouths  may  be  set  either  way.  They  consist  of  rods 
bound  together  in  the  form  of  a  trumpet,  the  mouth  of  each  being  from  3  to 
5  ft.  wide.  They  capture  salmon,  also  spent  fish,  but  not  samlets  :  any  fish  which 
enters  is  almost  sure  to  be  destroyed  before  it  can  be  removed,  as  it  is  wedged  in 
by  the  force  of  the  tide.  In  some  parts  of  the  Severn  there  are  hedges,  termed 
pens,  situated  so  as  to  guide  the  fish  to  the  mouth,  of  the  trap.  Puffs  take  salmon 
as  well  as  small  fish  on  an  ebbing  tide  :  they  are  made  of  hazel  rods,  bound  with 
twigs,  and  consist  of  tliree  portions,  namely,  the  kipe  or  mouth,  secondly  what  is 
called  the  butt,  has  cross  bars  at  his  opening  and  decreases  to  about  6  inches  in 
width,  and  thirdly  tlie  fore-wheel,  which  diminishes  to  a  size  sufiicient  to  capture  a 
shrimp.  They  are  invariably  set  with  their  mouths  up  the  river,  and  if  the  inside 
wheel,  or  fore-wheel  as  it  is  called,  is  not  taken  off  when  the  samlets  are  going 
down,  they  are  liable  to  be  captured  (see  Beport  of  Salmon  Commissioners,  1860, 
page  xi),  but  do  more  injury  by  diverting  them  into  pools  where  they  are  taken 
by  the  lave-nets. 

Drift-nets  are  limited  in  some  districts  to  200  yards  in  length,  they  are  shot 
across  the  tide  and  the  fish  are  meshed  in  them  like  herring  and  mackerel;  while 
set-nets  or  hang-nets  are  employed  in  some  places. 

There  are  numerous  other  forms  of  nets  which  are  or  might  be  employed,  and 
the  Report  of  the  Commissioners  in  1860  alluded  to  raise-nets,  bag-nets,  mud-nets, 
drop-  or  baulk-nets,  as  names  given  to  various  contrivances  used  at  that  time  along 
the  English  or  Welsh  coasts  for  fixing  up  nets,  or  stakes  either  to  capture  these 
fish  or  to  detain  them  in  some  limited  space  until  caught.  Some  of  these  nets 
are  attached  to  the  stakes  but  able  to  act  with  the  tide,  falling  with  the  ebb  and 
confining  all  within. 

Sfage-nefs  are  employed  in  the  Firth  of  Forth  and  elsewhere.  A  long  line  of 
stakes  starts  from  the  shore,  having  a  slight  curve  up-stream,  and  these  are  made 
firm  with  wicker  work,  they  extend  from  high  to  near  low-Avater  mark.  A  narrow 
gangway  leads  to  the  shore.     In  the  weir  are  couples  from  14  to  16  feet  asunder. 
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and  between  them  Is  a  poke  or  bag-net  that  works  on  sliders  and  is  used  on  a  flood 
tide.  On  the  top  of  the  couples  is  a  platform  where  the  fisherman  can  remain 
concealed  by  a  straw  hurdle  and  sees  or  feels,  by  means  of  a  string  attached  to  the 
net,  wben  a  fish  comes  in,  then  he  hauls  up  the  net  and  kills  his  prey._  A  leader 
may  be  attached  to  the  sea  end  of  the  couj)les  for  the  purpose  of  directing  the  fish 
into  the  poke-net. 

The  fixed  nets  w]ien  permitted  along  the  sea  coast  have,  as  might  be  expected, 
a  family  resemblance  to  those  existing  in  estuaries,  but  are  more  extensive  and 
complicated. 

Stale-nets  are  formed  by  driving  stakes  firmly  into  the  sands  and  attaching 
nets  to  them.  The  principle  is  by  means  of  a  leader  running  to  about  high-water 
mark  to  obstruct  or  divert  the  natural  course  of  the  salmon  and  guide  them  into 
an  opening  leading  to  a  trap  or  chamber  from  whence  they  cannot  get  out.  Some 
of  these  are  of  great  extent  and  have  many  chambers,  as  the  Scottish  bag-nets,  or 
they  even  have  attached  what  is  termed  a  fly-net,  being  anchored  and  floated  by 
corks  with  leaders  extending  a  very  long  distance  out. 

The  old  weir  or  yair  is  on  much  the  same  principle,  being  an  enclosure  situated 
within  tidal  influence  and  which  starts  from  the  shore,  and  made  by  driving  very 
strong  posts  into  the  ground  to  form  a  crescent,  and  this  is  made  firm  with 
wattlings.  The  open  side  of  the  crescent  is  up  stream  on  the  tide  flowing  over  it, 
consequently  on  the  ebb  the  fish  are  left  impounded. 

These  bag-  and  stake-nets  are  very  inimical  to  the  Scotch  salmon  fisheries, 
some  being  situated  so  close  to  the  mouths  of  rivers  as  to  impede  the  ascent  of 
the  fish  (see  jDp.  115,  124,  129).  They  keep  these  fish  out  of  rivers  where  they 
could  be  taken  by  net-and-cobble  fishermen,  and  it  has  been  a  source  of  dispute  as 
to  whether  salmon  captured  in  these  fixed  engines  or  in  seine-nets  are  best  for 
food.*  One  party  insists  that  salmon  killed  by  net-and-cobble  are  knocked  on  the 
head  as  soon  as  netted  and  sent  ofl"  unbruised  to  the  market,  asserting  that  those 
captured  in  the  stake-nets  dash  about  when  in  the  chambers,  endeavouring  to 
force  their  way  out,  and  thus  often  become  much  bruised,  also  that  it  not 
infi-equently  happens  that  if  left  there  they  swell  a  good  deal,  some  being  absolutely 
drowned.      The  stake-net  fishermen  on  the  contrary  consider  their  fish  the  best. 

As  food  these  fishes  are  highly  esteemed,  and  although  in  most  opinions  they 
cannot  be  eaten  too  fresh,  some  persons  prefer  them  after  they  have  been  kept  a 
day  or  two,  while  in  selecting  them  cai'C  should  be  taken,  provided  there  is  any 
choice,  to  choose  those  which  are  bright  and  silvery,  rejecting  such  as  arc  of  a 
muddy  tinge.  During  the  winter  those  which  are  out  of  season  are  red  or  dull  in 
colour,  their  flesh  is  soft  and  white,  and  they  are  wanting  in  flavour  if  dressed. 
If  the  fish  is  newly  captured,  it  is  usual,  in  order  to  set  the  curd,  to  put  it  into 
boiling  instead  of  into  cold  water. f  It  may  be  boiled,  but  should  be  removed  from 
the  water  as  soon  as  done,  or  both  its  appearance  and  flavour  will  deteriorate.  It 
is  generally  served  with  cucumber  and  anchovy,  lobster,  or  shrimp  sauce.  This 
fish  may  be  baked,  done  in  slices,  or  sent  up  in  a  hot  or  cold  pudding. 

Salmon  are  cured  in  different  ways  as  by  simply  drying,  salting  or  pickling. 
"  Kippered  "  is  well-cleansed  salmon  which  has  received  several  dry  rubbings  of 

*  In  the  interests  of  fisheries  and  fish-cousumers  these  fixed  engines  ouglit  to  be  treated  as 
common  nuisances  and  summarily  abolislied,  leaving  the  question  of  compensation  to  sonic 
competent  court.  Mr.  Steavenson  gave  evidence  before  the  Committee  of  the  House  of  Commons 
in  1824  that  previous  to  the  introduction  of  stake-nets  into  Cromarty  Firth  his  fishing  in  the 
Cannon  produced  7656  salmon  in  one  year,  while  after  the  Firth  was  covered  ^Yith  fixed  engines 
he  only  obtained  633  salmon  during  a  season. 

Jardine  observed  (see  p.  107)  that  in  the  Friths  of  Scotland  "  where  sand  eels  are  used  for 
bait,  a  line  is  attached  to  a  buoy  or  bladder  and  allowed  to  float  with  the  tide  up  the  narrow 
estuaries.      They  are  also  occasionally  taken  on  lines  baited  with  sand  eels  and  set  for  haddock." 

t  Mackenzie,  Salmon  Fisheries  of  Scotland  (p.  52),  remarked  "  Salmon  are  always  better  for 
being  a  few  days  in  their  native  (river)  water.  It  increases,  like  crimping,  the  firmness  of  the  fish, 
insomuch  that  while  a  salmon  caught  in  the  morning  in  the  sea  is  soft  enough  to  be  boiled  and 
pickled  the  same  evening,  one  caught  in  the  fresh  water  retains  its  firmness,  and  would  break  in 
the  kettle  if  boiled  before  next  morning.  The  fish-curers  or  boilers,  who  are  great  epicures, 
always,  accordingly,  prefer  for  their  own  palates  fish  that  have  been  some  days  in  fresh  water." 
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popper  and  salt,  then  dried  either  in  the  air  or  artificially  by  moans  of  the  smoko 
of  peat  or  jnniper  bi>rries.  Those  which  have  a  largo  aiuouut  of  oil*  in  tliem  aro 
not  best  adapteil  for  kipporing-,  but  this  de[)ouds  upon  the  condition  of  the  Hsh. 

Habitat. — This  hsh  ranges  in  the  northern  hemisphere  between  latitudes  45" 
and  75"^,  and  examples  have  even  been  captured  as  high  as  80-'  N.  Lat.  In  the 
United  States'  report  it  is  stated  to  range  from  the  Polar  regions  to  Cape  Cod  : 
but  their  presence  in  Hudson's  Bay  and  the  Arctic  coast  of  America  though 
probable  is  still  doubtful.  It  extends  throughout  the  seas  and  countries  of 
Northern  Europe,  around  the  British  Isles,  and  also  the  Atlantic  coast  of  Trance, 
but  docs  not  occur  in  rivers  which  flow  into  the  Mediterranean. 

It  is  rare  in  the  Orkneys  and  Zetland  (Baikie),  but  is  found  in  all  suitable 
rivers  of  England,  Scotland,  Wales,  and  Ireland,  where  it  has  not  been  destroyed 
by  pollutions,  or  obstructions  render  its  ascent  impracticable.  In  Great  Britain 
most  numerous  towards  Scotland,  it  is  present  in  all  Yorkshire  rivers,  unless 
excluded  by  pollutions  (Yorkslilre  Vertebrata),  less  common  down  the  oast  coast 
of  Lincolnshire,  Norfolk,  and  round  the  south  coast,  the  English  Channel,  but 
more  frequent  in  the  Bristol  Channel,  while  the  Severn  salmon  aro  among  those 
which  are  most  esteemed. 

A  salmon  weighing  25  lb.  was  captured  off  Lowestoft  in  a  trawl  net  (Colman, 
Land  and  Water,  May  10th,  1879),  being  only  the  second  instance  since  1849. 

Sir  T.  Browne,  16G2,  stated  that  it  was  no  common  fish  in  the  rivers  in  his 
time,  though  many  were  taken  in  the  Ouse,  in  the  Bare,  and  in  the  Waveney :  in 
the  Norwich  river  but  seldom  and  in  the  winter.  Paget  observed,  respecting 
Yarmouth,  that  small  ones  have  very  ivarely  been  captured  in  the  mackerel  nets. 
Of  late  years  they  have  almost  disappeared  from  the  Norfolk  coast,  and  one  taken 
December  1st,  1873,  in  a  flooded  meadow  at  Lakenham,  was  considered  such  a 
curiosity  that  it  was  sent  to  London  for  identification  and  preservation;  it  is 
now  in  the  Norwich  Museum  (Lowe).  Yarrell  remarked  that  the  last  Thames 
salmon  was  captured  in  June,  1833,  but  single  ones  have  been  taken  in  1859, 
'60,  '61  and  since.      {See  page  116  ante.) 

The  size  to  which  this  fish  attains  depends  upon  the  extent  and  character  of  the 
water  it  inhabits,  the  quantity  and  quality  of  its  food,  temperature,  and  other 
circumstances.  A  considerable  amount  of  caution  is  necessary  before  we  accept 
some  of  the  dimensions  and  weights  which  have  been  handed  down  to  us.f  The 
reason  why  some  Dutch  fish  are  so  large  is  believed  to  be  owing  to  so  many  kelts 
escaping  capture. 

Respecting  those  taken  by  angling  in  Scotland  Lascelles,  Letters  on  Sporting, 
gives  54  ,V  lb.  as  the  largest  he  had  heard  of ;  Young  mentions  one  671b. 
captured  "'in  1812  in  the  Nith ;  Yarrell  one  killed  by  Earl  Home  in  the 
Tweed  which  weighed  69j  lb.  :  Pennant  one  of  74  lb.  :  Buckland  cast  one  of 
70  lb.,  4  ft.  5  in.  long,  taken  from  the  Tay.  In  1885  the  largest  salmon  netted 
in  the  Tweed  were  56  lb.,  44  lb.,  43  lb.,  and  of  those  taken  by  anglers  46  lb., 
44  lb.  and  43  lb.  Mr.  Hoggan  when  angling  in  the  Nith  in  1885,  took  a 
male  fish  weighing  42  lb.,  and  which  was  4  ft.  long.  In  1867  one  was  taken 
in  the  Severn,  near  Lydney,  in  July,  weighing  over  42  lb. ;  another  the  next 
month  at  Beachley,  nearly  52  lb.  ;  and  a  third  in^  the  Wye,  near  Tintern, 
over  40  lb.  In  1873  one  weighing  70  lb.  was  taken  in  June  at  Littleton.  In 
Ireland,  Ball  recorded  two,  each  weighing  52  lb.,  captured  at  the  same  time  at 
Blackwater :  the  cast  of  one  of  69  lb.  taken  in  March,  1866,  in  Galway,  is  to  bo 

*  Sir  Eobert  Christison,  in  the  Proceeduif/s  of  tlie  Boyal  Society  of  Edinburgh,  1871-72,  p.  695, 
recorded  that  on  analysis  he  found  as  follows  : — 

Salmon  Icelts,    oil  in  flesh     1-3  i^er  cent. :  -mtragenous  nutritive  principle  17-07  per  cent. 
„       fre^h-run  Jish    „     18-53         „  „  „  „  19-07 

t  In  Hennesey's  Chronicum  Scotonnn,  p.  317,  mention  is  made  as  follows : — "  a.d.  1109.  A 
salmon  was  caught  at  Luimnech  (Limerick)  this  year,  which  was  twelve  feet  in  length,  twelve 
hands  in  breadth,  without  being  split  open,  and  the  length  of  its  neck  fin  was  three  hands  and 
two  lingers."  A  correspondent  of  The  Field,  February  13th,  188G,  gave  a  circumstantial_ account 
of  one  '''  82  lb.  that  was  taken  in  a  snap-net  in  the  Shannon  twelve  years  ago.  It  was  weighedby 
the  station  master  before  being  sent  oil'  by  train  ...  it  was  also  measured."  The  succeeding 
month  we  were  informed  that  the  fish  was  a  sturgeon  ! 
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seen  in  the  Mnsetim  of  Queen's  College.  One  of  57  lb.  was  landed  in  1886  by  an 
angler  on  the  Suir ;  several  instances  of  70  lb.  fisli  are  alluded  to  by  Thompson. 
It  is  a  disputed  point  whether  the  female  or  the  male  attains  to  the  largest  size. 
But  it  must  not  be  overlooked  in  such  investigations  that  the  mortality  among 
those  of  the  male  sex  is  greater  than  among  the  females,  while  age  has  a  bearing 
on  size. 

The  figure  of  the  salmon  in  the  plate  3,  fig,  1,  is  that  of  a  male  3|  ft. 
long  and  weighing  22^  lb.,  from  the  Teitla  taken  in  the  month  of  November  :  figure 
2  is  fi'om  a  female  a  little  over  14  lb.  weight,  and  no.  3  is  a  Howietoun  female  grilse 
about  17  in.  in  length.  The  figures  in  plate  4  are,  no.  1  from  a  grilse  from  the 
Severn,  of  4^  lb.  weight :  no.  2  from  a  Welsh  specimen  7'2  in.  long :  no.  3  par 
from  Howietoun,  5^  in.  long,  taken  August,  1886, 


TROUT. 

AUliongli  ill  the  general  account  of  the  family  of  Salmonidas  many  observa- 
tions have  been  introduced  respecting  both  trout  and  grayling,  it  now  becomes 
desirable  to  offer  some  remarks  restricted  to  the  marine  and  fresh-water  forms  of 
British  trout,  which  have  been  considered  by  some  ichthyologists  and  fishermen 
to  be  anadromous  and  non-migi-atory  fresh- water  species.  Before  entering  upon 
each  in  detail  it  appears  desirable  to  explain  why  it  is  that  I  find  myself  unable  to 
accept  the  numerous  species  that  have  been  described,  believing  those  ichthy- 
ologists* more  correct  who  have  considered  them  modifications  of  only  one,  which, 
as  Salmo  trutta,  includes  both  the  anadromous  and  non-migratory  fresh-water 
forms. 

For  it  must  be  evident  when  looking  through  the  works  of  systematic 
zoologists,  that  the  greatest  number  of  false  species  among  fishes  are  local 
vai'ieties  existing  in  such  genera  as  are  most  prolific  in  forms ;  and  that  local 
races  have  been  taken  for  distinct  species.  If  among  certain  specimens  an 
example  is  found  similar  to  what  exists  in  another  so-called  distinct  species, 
residing  in  a  diffei^ent  locality,  this  individual  specimen  might  be  an  indication 
that  both  wei-e  descended  from  a  common  origin,  in  short,  how  it  may  be  an 
instance  of  atavism,  or  reversion  towards  an  ancestral  form. 

In  following  out  such  an  inquiry,  it  is,  I  think,  possible  to  prove  that  marine 
salmonoids  may  take  on  a  fresh-water  existence ;  also  that  Salmo  trutta,  S.  camhricus, 
and  other  anadromous  so-called  species,  can  be  traced  into  the  fresh-water  forms 
of  trout.  If  sea  trout  which  having  entered  fresh  water  in  order  to  breed,  arc 
prevented  returning  to  the  ocean,  it  may  result,  as  detailed  by  a  correspondent  in 
The  Field  (January  8th,  1881),  that  they  become,  as  he  found  them,  big-headed, 
lank,  and  black-looking.  But  there  may  have  been  a  reason  for  this,  as  insuf- 
ficiency or  inappropriateness  of  the  food,  or  unfavourable  conditions  of  the  water 
in  their  new  home,  which  precluded  their  thriving  or  even  continuing  in  health. 
Should,  on  the  contrary,  the  place  prove  appropriate,  they  may  thrive  even 
though  they  are  unable  to  return  to  the  sea. 

If  we  examine  the  various  reputed  species  of  British  trout  we  find  them 
divided  into  the  migratory  anadromous  forms  and  the  non-migratory  fresh- water 
races,  but  no  one  has  been  able  to  clearly  define  where  one  ends  and  the  other 
begins.  The  anadromous  forms  as  sea-trout,  Salmo  trutta,  S.  eriox  or  8. 
camhricus  or  the  sewin,  known  in  their  younger  conditions  as  S.  alhus,  S.phinoc  or 
S.  hrachypoma,  are  silvery  in  colour,  with  black  spots  when  resident  in  the  sea. 
But  when  they  enter  fresh  waters  for  breeding  purposes  an  orange  margin  shows 
itself  to  the  upper  and  lower  edges  of  the  caudal  fin,  while  the  adipose  dorsal  is 
likewise  margined  with  orange,  and  some  orange  spots  appear  on  the  body.f    The 

*  Widegren  {Of v.  Vet.  Ahad.  ForJi.  1863)  gave  an  interesting  paper  in  which  ho  asserted  that 
the  anadromous  sea  trout  and  non-migratory  fresh-water  forms  were  all  variations  of  one  species, 
the  differences  being  due  to  the  locahties  they  inhabited.  In  these  conchisions  Malmgren 
generally  agreed,  and  they  appear  to  coincide  with  the  results  of  the  experiment  I  have,  or  shall, 
allude  to,  and  the  series  of  examples  in  our  national  collection  and  elsewhere. 

f  Similarly  no  orange  colour  is  seen  on  the  salmon,  Salmo  salar,  after  it  has  once  become  a 
grilse,  except  when  returning  to  the  rivers  to  breed,  then  some  may  be  present  on  the  body,  but 
more  on  the  males  or  red  fish  which  are  the  most  exhausted  of  the  sexes,  while  on  their  cheeks 
are  orange  stripes  which  have  been  aptly  likened  to  those  present  on  marine  wrasses.  But  after 
the  debilitating  effects  of  the  breeding  season  have  been  overcome,  the  orange  colour  leaves  the 
fish :  being  in  fact  restricted  to  the  young  and  breeding  forms,  but  not  in  salmon  when  in  their 
highest  condition. 
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non-mioTatory  forms  are  in  two  main  primary  divisions  of  colour,  as  some  locli 
trout  are  possibly  anadromous  forms  which  have  become  land-locked  (see  pp.  5, 
104,  105),  and  their  tints  are  mainly  silvery  during  the  smolt  stage,  and  subse- 
quently golden  and  spotted,  possibly  this  silvery  colour  may  sometimes  be 
symptomatic  of  sterility.  Thus  the  Lochleven  is  normally  of  a  silvery  colour,  with 
dark  fins  between  its  third  and  fourth  seasons,  subsequently  nearly  resembling 
the  brook  trout,  into  which  form  it  may  degenerate  :  it  is  a  somewhat  delicately 
shaped  but  rapidly  growing  race,  with  rather  weak  maxillce.  While  the  estuary, 
lake,  river  and  brook  trout  are  all  golden,  with  purplish  reflections  and  more 
or  less  covered  with  black  and  vermilion  spots. 

Commencing  with  examining  the  sirbject  of  vai-iation  in  colours,  we  find  that 
the  adult  salmon  and  sea  trout,  when  in  their  prime,  have  a  beautiful  silvery 
sheen,  which  is  more  or  less  rapidly  lost  when  absent  from  the  sea.  This  may, 
in  fact,  be  taken  as  the  normal  colour  of  the  Salmones  when  in  their  highest 
condition.  Should  salmon  be  reared  in  fresh  water,  aiul  the  smolts  debarred  from 
going  to  the  sea,  the  upper  two-thirds  of  the  body  and  the  dorsal  fin  become 
densely  covered  with  black  spots  (see  plate  iii,  fig.  3),  while  sometimes  a  white 
edo-ino-  shows  itself  on  the  front  margin  of  the  dorsal  and  anal  fins.  Likewise, 
as  already  observed,  the  land-locked  forms  of  Lake  Wenern  are  spotted  more  like 
sea  trout  than  salmon,  and  in  some  par  bands  are  persistent  through  life  (see 
p.  G  ante).  Thus,  it  would  appear  that  a  fresh- water  residence  increases 
the  amount  of  colour,  while  the  silvery  sheen  is  less  highly  developed.  Here  we 
see  a  connecting  link  in  colour  between  the  anadromous  forms  and  the  young 
brook  or  lake  trout,  with  increased  colours  consequent  upon  a  fresh-water 
residence.  _        _  _       •_ 

A  very  instructive  instance  is  recorded  by  Mr.  Nichols  in  his  Acclimati- 
sation of  the  Salmonidoi  at  the  Antipodes  :  Its  History  and  B,esiilts,  1SS2,  wherein 
he  tells  us  how  the  eggs  and  milt  of  a  race  (it  is  not  recorded  which)  of  British 
sea  trout  were  transniitted  to  Tasmania,  and  one  of  the  progeny  18  in.  long  Avas 
received  in  the  National  Collection  in  1874.  Externally,  its  form  is  similar  to  our 
northern  race  Scdmo  triitta,  but  it  only  possesses  36  ca3cal  appendages,  numbers 
more  symptomatic  of  our  southern  race  of  sea  trout,  the  sewiu  or  S.camh-icas. 
The  difficulty  was  met  by  suggesting  the  fish  to  be  a  hybrid,  but  as  sea  trout 
solely  were  spawned  it  could  only  have  been  so  between  our  two  anadromous  races. 
Tliese  salmon-trout  eggs  arrived  in  Tasmania,  May  5th,  1886,  were  placed  in  the 
breeding-ponds,  and  from  them  9U0  fry  were  reared,  A  number  of  these  fry  were 
put  into  a  specially  constructed  pond,  fed  by  a  small  rill  of  bright  cool  water, 
where  they  were  disturbed  as  little  as  possible.  By  the  middle  of  October,  1867, 
many  of  these  par  had  put  on  the  smolt  dress,  when  doubtless  feeling  the  migratory 
impulse,  they  leaped  upon  the  bank  and  perished  in  numbers.  In  July,  1869,  four 
pairs  spawned  in  the  ponds.*  It  is  thus  clear  that  this  fish  with  anadromous 
instincts  was  raised  from  the  eggs  transmitted  from  England,  and  distinctly 
demonstrates  that  the  number  of  cceca  are  subject  to  variations,  consequently  they 
are  almost  useless  as  a  definite  guide  to  species.  Here  some  change  in  climate  or 
food  had  induced  such  a  marked  difl:erence,  that  in  the  Antipodes  two  forms  of 
sea  trout  might  be  detected  in  one  specimen. 

In  the  National  Collection  may  be  seen  specimens  of  what  are  termed  in  the 
Catalogue  "  hybrids  between  Sewin  (8.  camhricus)  and  River-Trout  {S.  fario)  " 
received  from  Wales  through  Mr.  Peel  and  Mr.  Morgan.  Their  colours  and 
general  appearance,  as  will  be  more  particularly  referred  to  when  describing  the 
sewin,  show  a  graduated  seriesf  from  the  anadromous  sea  into  the  fresh-water 
forms.  Similar  series  likewise  exist  in  that  collection  which  are  located  as 
"  specimens  supposed  to  be  hybrids  betAveen  Salmo  trutta  and  Salmo  gaimardi  " 
or  sea  and  brook  trout,  and  others  likewise  asserted  (but  without  any  corroborative 
evidence)  to  be  hybrids  between  the  so-called  Galway  sea  trout,  ;S.  gallivensis,  and 
the  brook  trout,  one  form  merging  into  the  other.     Also  I  shall  allude  to  a  series 

*  This  disposes  of  the  negative  evidence  of  sea  trout  becoming  sterile  if  retained  in  a  fresh- 
water pond  without  being  able  to  descend  to  the  sea. 

t  This  series  is  considered  by  Dr.  Glinther  to  show  the  effects  of  hybridization  ! 
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from  Carlisle  passing  from  the  salmon-trout  grilse  or  wbiLling  into  that  of  the 
frcsli-wator  tront. 

The  next  form  I  propose  adverting  to  is  the  Lochleven  trout,  Avhich  miglit 
possibly  be  traced  in  its  external  ajipearance  to  the  sea  trout.  In  it  there  is  normally 
a  smolt  stage  in  whieh  the  iish,  subsequent  to  its  par  condition  and  for  the  third  or 
fourth  sea.sons  of  its  life,*  is  somewhat  silvery,  but  without  any  orange  edging  to 
the  adipose  dorsal  fin  usually  present  in  young  trout,  and  all  the  spots  are  generally 
black. 

But  subsequently,  as  already  observed,  it  assumes  most  of  the  brook  trout 
colours,  but  without  the  wliite  black-based  margin  to  the  front  edge  of  the  dorsal, 
ventral,  and  anal  fins.  If  the  eggs,  however,  are  sent  to  other  and  distant 
localities,  as  Guildford,  or  even  to  Gloucestershire,  the  young  reared  from  them 
do  not  usually  assume  the  colours  seen  in  Lochleven  or  Howietoun,  but 
take  on  morfe  or  less  those  of  the  indigenous  brook  trout  of  the  locality  v.-hero 
they  are  hatched  and  brought  up  {see  plates  v  and  vi).  But  this  is  not  a 
deteriorating  race,  because  consequent  on  certain  circumstances  which  Avill  be 
subsequently  detailed  {see  Lochleven  trout)  when  one  of  these  lishcs  in  Glouces- 
tershire obtained  a  large  amount  of  food,  owing  to  the  removal  of  many  of  the  others 
from  the  pond,  it  grew  more  rapidly  than  its  former  fellows,  and  even  had  the 
Lochleven  colours,  previously  denied  to  the  rest.  Also,  deteriorated  examples 
at  Howietoun  assume  the  brook  trout  livery,  and  even  the  orange  edging  to  the 
adipose  dorsal  fin,  apparently  owing  to  want  of  sufficient  food  or  mal-assimilation 
of  it.  A  Lochleven  trout  having  been  crossed  at  Howietoun  by  a  salmon-par,  the 
offspring  possessed  the  orange-tipped  adipose  dorsal  fin  which  is  seen  in  the  young 
of  .the  sea  and  brook  trout ;  and  it  may  be  asked  from  whence  could  such  have  been 
obtained,  unless  the  Lochleven  possessed  blood  of  one  of  these  races  ?  While  the 
male  parent,  being  only  a  par,  probably  occasioned  weakness  in  the  constitution 
of  the  offspring.  In  colours,  then,  we  have  a  distinct  chain  connecting  the  sea 
trout  with  the  Lochleven,  and  so  on  into  the  brook  trout  forms. 

But  silvery  trout  are  not  unknown  in  fresh  waters  ;  thus  at  Loch  Crasspuil 
{see  plate  vi,  fig.  3)  exists  a  race  of  this  colour,  and  in  a  locality  where  they  are 
unable  to  migrate  seawards,  still  it  has  been  surmised  that  originally  they  might 
have  been  sprung  from  an  introduced  anadromous  stock.  While  every  year  silvery 
trout  are  captured  in  inland  pieces  of  water  unfrequented  by  sea  trout,t  and  would 
seem  in  some  cases  to  be  sterile  forms,  but  in  others  to  be  examples  reverting  to 
their  ancestral  colours.  But  we  have  some  evidence  to  show  that  such  a  change 
of  colour  might  occur  owing  to  local  conditions  as  in  the  following  instance.  In 
Land  and  Water,  August  I5th,  1885,  Mr.  Edon,  of  the  Buckland  Museum, 
remarked  upon  the  appearance  of  some  ti'out  in  a  loch  in  Ross-shire,  2200  feet 
above  the  level  of  the  sea  and  entirely  fed  by  springs.  Up  to  seventeen  years 
previously  it  had  been  troutless,  and  then  Mr.  Fowler  turned  in  some  small  black 
trout.  In  1 885  it  held  a  number  of  fine  fish—''  those  under  2  lb.  were  beautifully- 
fed  deep  fish,  silvery  with  a  few  faint  red  spots,  more  like  sea  trout  {Salino 
trntta)  than /ar/o."  Lastly,  the  late  Mr.  Arthur,  of  Otago,  observed  that  some  of 
the  descendants  of  our  common  brook  trout  sent  to  Australasia  apparently  have 
commenced  reverting  to  anadromous  habits  and  colours,  thus  the  largest  trout 
disappeared  from  the  waters  of  the  Lcith,  except  during  the  spawning  season. 
They  evidently  went  to  the  salt  water  of  Otago  Harbour  in  search  oi  more  water 
and  more  food  than  could  be  got  in  the  river.  Common  trout  arc  being  constantly 
caught  in  the  fishermen's  nets  in  the  bay,  and  these  show  a  tendency  to  acquire  a 
sea-lrout  appearance,  as  they  are  usually  very  silvery,  and  the  black  spots  are 
often,  but  not  always,  X-shaped. 

I  think  in  the  few  examples  w^hich  have  been  adduced  (and  they  might  be 
largely  increased)  reasons  have  been  shown  for  admitting  that  sea  trout  might 

*  Dr.  Giinther  has  raised  the  question  that  Loch  Leven  some  twenty  years  since  was  partially 
restocked  with  brook  trout,  but  for  this  there  does  not  appear  to  be  the  slightest  foundation,  as 
will  be  more  fully  entered  upon  when  describing  the  Lochleven  variety. 

t   See  paper  on  The  silvery  trout  from  Loch  Lomond,  by  l''raucis  Day,  Field,  September  2Gth, 
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breed  in  fresli  waters  without  descending  to  the  sea.  That  they  can^  he  traced* 
step  by  step,  and  link  by  link,  into  the  brook  trout  and  vice  versa :  that  the 
Lochleven  trout,  which  normally  possesses  a  smolt  or  grilse  stage,  passes  into  the 
brook  trout;  also  that  breeding  any  of  these  two  forms  together  sets  up  no 
unusual  phenomena.f 

Our  anadromous  sea  trout  are  able  to  take  on  a  fresh- water  state  of  existence, 
and  breed  there ;  irrespective  of  which  by  almost  imperceptible  degrees  we  find 
them  in  eveiy  country  passing  from  one  form  into  the  other,  which  raises  the 
question  of  which  form  Sahno  orcadensis,  S.  estuarms,  &c.  (described  as  new 
species  by  Dr.  Giinther),  most  resemble,  the  anadromous  *S'.  trutta  or  the  fresh- 
water S.  fario.  Believing  the  two  latter  to  be  merely  the  extreme  limits  of  one 
species,  it  becomes  unnecessary  to  decide  whether  the  diminution  in  the  number 
of  the  vomerine  teeth  is  symptomatic  of  the  fresh-water  form  developing  towards 
its  larger  relative  the  anadromous  sea  trout,  or  whether  it  is  the  sea  ti^out  retro- 
grading towards  its  par  dentition,  or  that  which  is  often  but  by  no  means  always 
persistent  in  Salmo  fario.  Colours,  it  is  true,  are  not  very  reliable,  but  these  forms 
more  nearly  approach  the  fresh  water  than  the  saline  varieties,  a  change  which 
appears  invariably  to  occur  sooner  or  later  in  anadromous  forms  which  become 
permanent  residents  in  fresh  water. 

Some  of  the  chief  distinctions  between  the  sea  and  fresh-water  forms  of  trout, 
consist  in  the  comparatively  more  complete  system  of  dentition  in  the  fresh- water 
races,  their  generally  longer  heads,  blunter  snouts,  and  stronger  maxillae,  irre- 
spective of  the  decreased  number  of  the  coscal  appendages. 

However,  the  dentition  varies  excessively,  while  we  find  examples  possessing 
the  colours,  form,  &c.,  of  the  brook  trout  resident  in  brackish  waters  or  even  the 
sea,  but  mostly,  not  invariably,  possessing  the  limited  number  of  vomerine  teeth 
of  the  anadromous  forms.  On  the  other  hand  there  are  anadromous  forms  (in 
colour)  in  fresh  water,  with  the  teeth  assuming  that  present  in  the  brook  trout 
or  retaining  the  par  dentition. J  {See  p.  21  ayite.)  It  has  been  asserted  and 
re-asserted  that  brook  trout  invariably  have  a  double  row  of  teeth  along  the  body  of 
the  vomer,  and  some  authors  have  gone  so  far  as  to  insist  that  these  teeth  are  not 
deciduous.  Doubtless  it  is  not  uncommon  to  find  trout  even  up  to  2  lb.  weight  or 
even  more  with  all  the  vomerine  teeth  thus  remaining  intact  when  a  double  row  is 

*  An  experiment  was  made  on  Tweed.  Sabnonidee  as  allutlecl  to  by  Mr.  Brotherston  of  Kelso, 
who  tells  us  that  a  Committee  selected  133  examples  of  orange  lins  which  they  placed  in  Carham 
pond  in  May,  1874.  The  Committee  (with  the  exception  of  two)  as  well  as  practical  fishermen, 
who  from  time  to  time  personally  attended  the  examination  of  these  fish,  were  convinced  that 
they  had  successively  changed  their  character  of  orange  fins  for  that  of  black-tails  and  %yhitling. 
The  two  of  the  Committee  who  disagreed  were  Major  Dickens  and  Mr.  Stoddart,  who  maintained 
that  they  were  yellow  trout.  In  May,  1879,  some  were  liberated,  having  had  a  wire  inserted  into 
the  flesh  behind  the  adipose  fin  with  the  stamp  "  Tweed  iv."  Two  were  captured  June  4th  and  5th, 
near  Birgham-on-the-Tweed,  and  came  into  Mr.  Brotherston's  hands,  and  he  found  they  were 
brook  trout.  One  which  had  been  put  into  the  Tweed  on  May  21st,  1879,  12  in.  long  and 
weighing  12  oz.,  was  recaptured  June  4ch,  near  Birgham-on-the-Tweed,  and  when  recaptured 
was  12.V  in.  long  and  weighed  10|  oz.  Mr.  Brotherston  asserted  that  it  was  a  brook  trout.  A 
second^was  recaptured  near  the  same  place  July  17th,  it  was  17-J  in.  long  and  weighed  28^  oz., 
it  also  was  sent  to  Mr.  Brotherston,  and  was  likewise  a  brook  trout,  as  were  some  others.  Both 
parties  stoutly  maintained  the  idea  that  these  young  fish  were  sea  trout  or  brook  trout,  and 
it  seems  to  me  both  were  correct,  for  like  the  chameleon's  colours  they  were  referring  to  what 
arc  merely  varieties  of  one  species. 

f  In  November,  188G,  Sir  James  Maitland,  at  Howietoun,  laid  down  some  eggs  of  the  sea  trout 
in  order  to  follow  out  their  life-history  if  kept  in  fresh-water  ponds  ;  350  hatched  in  1887. 

+  It  is  remarkable  how  erroneous  statements  in  Ichthyology  are  continued  _  by  compilers 
even  after  they  have  been  disproved.  Dr.  Giinther,  in  18G6,  asserted  that  in  the  Loch- 
leven trout  the  maxillary  bone  never  reaches  to  behind  the  eye  :  that  there  is  no  knob  at  the  end 
of  the  lower  jaw  in  males,  and  that  the  tail  fin  is  never  rounded,  which  are  all  merely  errors  of 
description.  In  plate  vi  will  be  seen  a  young  male  with  the  knob  in  the  lower  jaw,  the  upper  jaw 
also  extending  beyond  the  vertical  from  the  hind  edge  of  the  eye,  while  in  the  woodcut  showing 
the  form  of  the  caudal  fin  in  this  variety  it  will  be  apparent  that  it  becomes  as  rounded  with  age 
as  in  the  other  races.  A  most  incorrect  woodcut  (in  the  British  Museum  C'atalo[iue,  vol.  vi,  p.  6) 
of  the  upper  jaw  as  compared  with  that  of  the  brook  trout  has  been  produced,  which  even  shows 
maxillary  teeth  looking  upwards  and  inwarda,  while  the  size  of  the  bone,  as  delineated,  does  not 
agree  with  what  is  normally  present  iu  Lochleven  trout. 
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present,  but  it  is  by  no  means  rare  to  see  only  one  irregularly  placed  row.  While 
in  very  large  specimens  these  teeth  (unless  they  have  entirely  disappeared)  are 
always  in  a"single  row,  and  the  vomer  may  be  found  even  toothless  or  with  one  or  two 
teeth  at  the  hind  edge  of  the  head  of  that  bone.  Equally  incorrect  is  the  statement 
that  the  teeth  disappear  differently  in  diflerent  forms,  for  in  all  they  first  assume 
a  single  row  and  then  fall  out,  first  commencing  from  behind.  But  in  the 
rapidly  growing  sea  trout  the  vomerine  teeth  are  shed  sooner  than  in  the  brook 
trout. 


B    A 


Fig.  18,    Head  of  young  hum 
trout,  natural  size. 


Fig.  19.     Head  of  old  male  brook 
trout,  1-21  the  natural  size. 


If  the  external  conformation  of  the  head  is  examined  it  is  found  very  similar 
in  the  young  trout,  fig.  18,  to  what  is  seen  in  the  salmon  par  (see  p.  52,  fig.  13) 
while  in  the  old  trout,  fig,  19,  there  are  many  points  of  resemblance  with  the  old 
salmon  (fig.  14,  p.  52)  ;  but  should  the  skulls  be  referred  to  (see  plate  i)  the  bones 
of  the  trout  will  be  seen  to  be  much  stronger  and  denser  than  in  the  salmon, 
and  this  is  especially  remarkable  in  those  of  the  jaws  and  snout.  At  first  the 
posterior  extremity  of  the  upper  jaw  in  the  young  trout  extends  to  beneath  the 
eye,  but  with  increasing  age  it  reaches  to  behind  it,  and  for  two  reasons,  first  the 
eye  with  age  does  not  augment  in  size  so  rapidly  as  the  rest  of  the  head,  so 
becomes  comparatively  smaller  in  old  fish,  and  secondly  the  jaw  on  the  contrary 
grows  proportionately  with  the  rest  of  the  skull :  as  a  rule  the  jaws  are  stronger 
in  fresh-water  than  anadromous  trout.  As  regards  the  size  of  the  eye,  shoulcl  two 
trout  of  the  same  length  but  different  ages  be  examined,  the  one  which  is  the 
younger  will  have  the  larger  eyes. 

Respecting  the  form  of  the  preopercle  in  adult  salmonidse,  much  has  been 
written,  but,  as  already  remarked  (p.  17),  what  has  been  asserted  to  be  specific 
differences  are  often  simply  such  as  have  been  induced  by  age,  sex,  or  local 


FiR.  20. 


Fig.  21. 


Fig.  22. 


circumstances.  Fig.  22,  is  that  of  an  adult  salmon ;  fig.  21,  of  a  female  Lochleven 
trout,  19  in.  long;  and  fig.  20,  of  a  salmon-trout,  S.  trutta,  also  19  in.  long,  and 
having  52  Cfecal  appendages.  Trout  from  other  localities,  of  the  same  size,  show- 
but  very  little  individual  differences  to  what  is  seen  in  the  above  figures.*  The 
forms  of  the  opercles  will  be  subsequently  alluded  to  and  figured. 

Respecting  the  size  of  the  fins  of  trout,  those  in  fresh-water  forms  are  generally 
more  developed  than  in  marine  ones,  in  young  fish  than  in  old  ones,  and  in  males 
than   in  females.     The  pectorals,  which    are   shorter  in  trout  than  in  salmon, 

•  For   figures   showing   the   gradual   change   of   the    form   of  the  preopercle  with  age,  sec 

Lochleven  trout,  t  a  * 

10  * 
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appear  to  attain  the  maximum  comparative  length  at  two  or  three  years  of  age, 
subsequent  to  which  they  somewhat  decrease.  The  caudal  fins  of  large  male  trout 
are  usually  more  rounded  than  in  females  of  the  same  size  on  an  average  among 
many.  In  investigating  the  form  of  this  fin  it  is  evident  that  emargination,  more 
or  less  deep,  is  common  to  all  the  various  races,  and  that  the  depth  of  that  emar- 
gination decreases  with  age,  while,  as  a  rule,  it  is  shallower  in  young  trout  living 
in  fresh  water  than  in  the  marine  races  {see  p.  13  ante). 

As  regards  the  number  of  caxal  appendages,  which  have  been  advanced  as  a 
character  which  may  materially  aid  in  discriminating  a  species,  I  have  already 
(p.  22)  given  reasous  against  accepting  this  in  respect  to  our  fresh-water  trout, 
and  will  adduce  further  evidence  under  the  head  of  the  respective  races. 

While  it  must  not  be  supposed  that  because  British  anadromous  salmonoids 
generally  possess  more  c^cal  appendages  than  are  normally  found  in  our  indi- 
genous and  so-called  non-migratory  trout,  that  such  is  everywhere  the  case.  It 
seems  that  forms  in  some  large  lakes  have  them  in  great  numbers :  thus  the 
Salmo  marsilii,  from  the  lakes  in  Upper  Austria,  has  up  to  100;  S.  lacustris, 
from  Lake  Constance,  which  Siebold  considers  the  same  species,  has  up  to  74. 
S.  vcnernensis,  Gilnther,  from  Sweden,  which  Malm  gives,  I  believe,  correctly,  as 
a  variety  of  the  common  brook  trout,  has  at  least  62,  while  our  larger  forms  of 
lake-trout,  S.  ferox,  have  been  found  possessing  a  few  in  excess  of  those  which 
inhabit  streams. 
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SEA  TROUT. 

A.     NorauERN   Sea   Rack. 

Salmon-trout,  Plate  iv,  fig.  1. 

Trufta  sahnonafa,  Sclioncv.  Icli.  p.  G5  ;  Willougliby,  p.  193  ;  Rny,  Synopsis, 
p.  G3.  Sahnonafa,  Sibbald,  Scot.  no.  25.  Trutlaceum  cinerens  aid  grisriis, 
Willougliby,  p.  193 ;  Ray,  p.  63.  Sahno  trutta,  Linn.  Fauna  Suoc.  p.  347 ; 
Gronov.  Zooph.  no.  367.  Salmo,  no.  3  and  5,  Artcdi,  Synon.  pp.  23,  24,  Genera, 
p.  12,  and  Species,  p.  51  ;  Klein,  Pise.  Miss.  V,  p.  16,  t.  v,  f.  1.  Sea-trout, 
Pennant,  Brit.  Zool.  (Ed.  1776)  iii,  p.  296  (Ed.  1812)  iii,  p.  347.  Bull-trout, 
Low,  Fauna  Oread,  p.  222. 

Salmo  trutta,  Linn.  Syst.  Nat.  i,  p.  509  ;  Blocb,  Fiselie  Deuts.  i,  p.  143,  t.  xxi; 
Bl.  Scbn.  p.  399 ;  Gmel.  Linn.  p.  1366 ;  Bonn.  Ency.  Icb.  p.  159,  pi.  Ixv,  f .  263  ; 
Turton,  Brit.  Fauna,  p.  103  ;  Risso,  leh.  Nice,  p.  323 ;  Flem.  Brit.  An.  p.  180  ; 
Nilss.  Skand.  Fauna,  p.  406  ;  Jenyns,  Manual,  p.  423  ;  Kroycr,  Dan.  Fiske,  ii, 
p.  582  ;  Jardine,  Salmonida),  jil.  iii  (half  groicn)  ix,  x,  and  xi,  and  Edin.  New 
Phil.  Journ.  xviii,  p.  49  ;  Yarrell,  Brit.  Fish.  (ed.  1)  ii,  p.  36,  c.  fig.  (ed.  2)  ii, 
p.  77  ;  Parnell,  Fisli.  Firth  of  Forth,  p.  133,  pi.  xxxiv,  and  Wern.  Mem.  vii, 
p.  293,  pi.  xxxiv,  f.  11 ;  Thompson,  Nat.  Hist.  Ireland,  iv,  p.  151 ;  White,  Catal. 
p.  75 ;  Gronov.  ed.  Gray,  p.  151 ;  Giinther,  Catal.  vi,  p.  22  ;  Steind.  Sitz.  Ak. 
Wiss.  Wien.  1866,  liv,  p.  22 ;  Houghton,  British  Freshwater  Fish,  p.  93,  c.  fig.  ; 
Malm,  Fauna,  p.  538  ;  Day,  British  and  Irish  Fishes,  ii,  p.  84,  pi.  cxi,  fig.  2. 

Salmo  argenteus,  Bonn.  Ency.  Ich.  p.  160,  pi.  Ixvii,  no.  269;  Bl.  pi.  ciii  (not 
Giinther). 

Salmo  goedenii,  Bloeh,  p.  135,  t.  cii  (Tjoung). 

Salmo  Jmcho,  Flem.  Brit.  An.  p.  179  (not  Linn,  possibly  an  old  male  salmon). 

Fario  argenteus,  Cuv.  and  Val.  xxi,  p.  294,  pi.  616  ;  Yarrell,  Brit.  Fish.  (ed.  3) 
i,  p.  250,  c.  fig. ;  Lacepede,  v,  p.  187  ;  Kroyer,  Dan.  Fisk,  ii,  p.  602. 

Salmo  eriox,  Nilss.  Skan.  Faun.  p.  395 ;  Collett,  Norges  Fiske,  p.  157 ; 
Feddersen,  Danske  Ferskvansfiske,  p.  77. 

Salmo  truttula,  Nilss.  Prod.  p.  5  (yotmg). 

Salmo  micro-ps,  Hardm.  Ofvers.  Vet.  Ak.  Forh.  1861,  p.  383. 

Salmon  trout,  Richards.  Faun.  Nor.  Amer.  Fishes,  p.  140,  pi.  xcii,  f.  i,  A. 

Trutta  trtitta,  Siebold,  Siisswasserfische,  p.  314. 

Trutta  marina,  Moreau,  Poiss.  France,  iii,  p.  537. 

Also  known  as  Salmon-trout,  Bull  trout,  gray  trout,  Scurf  of  the  Tees,  &c.  (see 
p.  158). 

{Immature  or  grilse  stage.) 
Herling,  Whitling  and  Phinoc. 

Wiite  trout,  Pennant,  Brit.  Zool.  (Ed.  1776)  iii,  p.  302,  and  (Ed.  1812)  iii, 
p.  396. 

Salmo  alhus,  Walb.  Artedi,  iii,  p.  75;  Bonnaterrc,  Enc.  Ich.  1788,  p.  161 ;  Bl. 
Schn.  p.  409  ;  Lacep.  v,  p.  219  ;  Fleming,  Brit.  An.  p.  180  ;  Jardine,  Edin.  New 
Phil.  Journal,  xviii,  p.  50,  and  Salmonida;,  plate  no.  iii;  Cuv.  and  Val.  xxi, 
p.  206 ;  Jenyns,  Manual,  p.  424 ;  Richardson,  I.  c.  p.  141  ;  Day,  Brit,  and  Irish 
Fish,  ii,  p.  85,  pi.  cxii,  f.  2. 
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Salmo  pliinoc,  Tni'ton,  Bi-it.  Fauna,  p.  103. 

Herling,  Jardine,  Berwick.  Nat.  Club,  ii,  p.  103. 

Salmo  eriox,  Jenyns,  Brit.  Yert.  An.  p.  422  ;  Parnell,  Wern.  Mem.  vii,  p.  288, 
pi.  xxxii,  f.  3,  and  Fish.  Firth  of  Forth,  p.  128,  pi.  xxxi-xxxiv ;  Flcm.  Manual, 
p.  180. 

Salmo  hrachyjjoma,  Giinther,  Catal.  vi,  p.  87 ;  Houghton,  British  Fishes, 
p.  107,  c.  fig. 

Also  known  as  Sprocl,  Herling,  Wldtling  and  Phinoc  (see  p.  150). 


B.     Southern  Sea  Race.* 
Sewin,  Plate  V,  fig.  2. 

Salmo  griseus,  Willoughby,  Ich.  p.  193  ;  Ray,  p.  63.  The  grey  salmon,  part, 
Pennant,  Brit.  Zool.  (Ed.  1776)  iii,  p.  205,  and  (Ed.  1812)  iii,  p.  394.  Salmo, 
no.  2,  Artedi,  Genera,  p.  12,  Synon.  p.  23,  Spec.  50;  Linn.  Fauna  Suec.  p.  116, 
no.  307. 

Salmo  camhricns,  Donovan,  Brit.  Fishes,  iv,  pi.  xci ;  Richards.  Faun,  Bor. 
Amer.  Fish.  p.  141,  pi.  xci,  fig.  2  ;  Giinther,  Catal.  vi,  p.  34;  Houghton,  Brit. 
F.  W.  Fishes,  p.  99,  c.  fig. ;  Day,  Brit,  and  Irish  Fish,  ii,  p.  86,  pi.  cxii,  fig.  1. 

Sewen  and  Blue  i-ioll,  Couch,  Fish.  Brit.  Isles,  iv,  pp.  208,  219,  pis.  ccxiii,  ccxvi. 

Salmo  eriox,\  Gmel.  Linn.  p.  1366  ;  Bon.  Ency.  Ich.  p.  159 ;  Turton,  Brit. 
Fauna,  p.  103  ;  Flem.  Brit.  An.  p.  180  ;  Jenyns,  Manual,  p.  422  ;  Yarrell,  Brit. 
Fish.  (ed.  1)  ii,  p.  31,  c.  fig.  (ed.  2)  ii,  p.  71  (ed.  3)  i,  p.  231  ;  Kroyer,  Dan. 
Fiske,  ii,  p.  602 ;  Thompson,  Proc.  Zool.  Soc.  1837,  p.  57,  and  N"at.  Hist.  Ireland, 
iv,  p.  148  ;  Nilss.  Skan.  Fauna,  p.  395  ;  White,  Catal.  p.  7Q  {part). 

Also  known  as  Feal,  Sea  trout  and  Salmon-trout,  Couch,  Fishes  Brit.  Isles, 
iv,  pp.  214,  221,  plates  ccxiii,  ccxv.  White-fish  or  White  trout  in  Ireland.  {See 
p.  165.) 

{Immature  or  grilse  stage.) 

Also  known  as  Truf,  Devonshire,  White  fish,  Dart  and  Teign,  Grey  or  Hull 
trout.     Buntlings,  in  Wales,  also  Blue  cap.     {See  p.  166.) 

The  foregoing  long  list  of  references  to  the  works  of  ichthyological  authors 
who  have  written  on  the  sea  trout  would  seem  to  demon sti^atc  that  either  wo 
possess  several  species,  or  else  that  specific  names  have  been  bestowed  upon  various 
races,  or  perhaps  on  the  same  individuals  according  to  their  ages  or  sexual 
differences.  Anyhow,  it  is  clear  that  conflicting  opinions  have  existed,  and  still 
continue  to  exist  as  to  the  number  of  forms  of  sea  trout  which  are  pi-esent  in  our 
seas  and  ascend  into  our  fresh  waters.  At  the  present  day  the  majority  of 
ichthyologists  seem  to  recognize  two  species,  which  I  term  local  races,  a  northern 
form  which  generally  possesses  a  larger  number  of  ca3cal  appendages  (from  43 
to  61)  than  the  southern  race  (from  32  to  52),  while  the  jaws  in  the  former  are  said 
to  be  somewhat  less  solid  than  in  the  latter.  Irrespective  of  the  foregoing 
differences,  it  is  admitted  that  they  pass  from  one  into  the  other  by  insensible 

*  Also  found  in  Ireland. 

f  "  The  term  Eriox  as  first  employed  by  Albertus  Magnus  in  the  13th,  and  by  Cuba  in  the 
IStli  century,  was  considered  by  Artedi  as  referring  to  the  common  salmon.  Linnwus  afterwards 
employed  the  term  as  a  trivial  name  to  the  '  S.  maculis  cinereis,  cauda  extremo  a-quali '  of  Artedi, 
and  the  gray  of  Willoughby  and  Bay.  De  La  Cepede  continued  the  term  in  its  Linneau  sense  " 
(Nat.  Hist.  Salmon,  Edin.  Phil.  Journal,  April  1st,  1825). 
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gradations  without  sliowiiif?  any  definite  lino  of  demarcation,  wliilo  it  is  not 
iufrnpient  for  individuals  of'  the  .southern  race  to  be  found  in  thcnortlicrn  portions 
ol'  the  lirilish  Isles,  and  vice  versa. 

Among  British  Ichthyologists  up  to  the  period  when  Ray  s  posthumous  work 
on  lishcswas  published  in  1713,  two  forms  of  sea  trout  were  recognized,*  the 
larger  and  that  most  esteemed  for  the  table  being  known  as  the  gray-salmon. 
Truttaceum  cinercus,  and  the  Bull  or  scurf  trout  T.  salmonafa,  which  was  smaller, 
rarely  exceeding  20  inches  in  length,  ])ossessing  rank  and  odorous  ilesh,  as  well  as 
a  shorter  and  tliicker  head  than  the  lirst. 

Whether  LinnoDus  in  his  description  of  Salmo  trutta  intended  to  describe  an 
estuary  or  non-migratory  form  of  this  fish  has  been  questioned,  for  as  long  ago 
as  Johnstont  its  variability  in  colour  had  been  pointed  out.  But  little  alteration 
was  made  for  some  years  subsequently,  except  that  Pennant  introduced  as  a  new 
species  the  grilse-stage  of  the  northern  form  of  sea-trout,  as  the  ivhitc-troitt,  while 
Sir  Humphry  Davy,  in  1824,  classed  all  our  varieties  under  one  head,  Salmo 
criox. 

But  shortly  afterwards  more  activity  in  searching  for  and  naming  fresh  species 
set  in,  commencing  with  Flemingt  in  1828  and  Jenyns  in  1835,  who  recognized 
a  bull  trout  with  a  forked  tail  fin  or  the  scurf,  also  the  northern  grilse  with  a 

*  Sibbaltl  in  liis  Natural  Historij  of  Scotland,  1G84,  placed  among  the  river  fish  sahnon  trout 
or  Trutta sabnoneta,  and  in  his  list  of  those  from  the  lakes  the  great-lake  trout  suggesting  whether 
the  last  could  not  be  the  bull  trout.  Willoughby,  in  1686,  gave  a  In'ief  description  of  Salmo 
griscux,  or  the  gray  salmon,  which  he  considered  of  a  better  flavour  than  the  salmon  or  salmon 
trout :  while  the  scurf,  Trutta  salmonata,  or  bull  trout,  he  observed,  diliered  from  the  gray-salmon 
in  being  smaller,  rarely  exceeding  twenty  inches  in  length,  having  its  head  shorter  and  thicker, 
while  its  flesh  possessed  a  rank  and  disagreeable  smell,  and  was  not  so  red  in  colour  as  seen  m 
the  salmon :  also  that  its  tail  was  rounded,  or  but  slightly  forked.  Ray  (1713)  adhered  to  the 
views  enunciated  in  Willoughby's  work  and  gave  the  gray  trout,  Truttaceum  cxnercus,  and  the 
scurf  or  bull  trout  T.  salmonata.     {Sec  p.  10,  ante.)  ...         ,  •        ,  ,, 

t  Johnson,  T)c  Fiscihus,  1619,  offered  advice  concerning  the  discrimination  of  species  of  these 
fishes  which  would  not  be  amiss  were  it  considered  in  the  present  time  :  "In  Salmonum  et  Trut- 
taruni  speciebus  distinguendis  nimium  ne  crede  colori :  nam  is  pro  tempestate  anni,  aut  aquarum 
diversitate,  mirum  in  modum  variat."  Also,  that  "  a  niari  adventantes  m  flumma  maculis 
carere,  quas  postea  mora  in  aquis  dulcibus  contrahant."  Linnaeus  (Sijst.  Nat.  i,  p.  509), 
described  Salmo  trutta,  but  which  example  appears  to  have  possessed  ocellated  spots  and  a  double 
series  of  teeth  along  the  body  of  the  vomer,  this  has  led  to  the  conclusion  that  he  intended  to 
describe  a  non-migratory  fresh- water  form.  Pennant,  1776,  suggested  whether  the  ''gray 
salmon"  might  not  be  a  mere  variety  of  the  salmon  from  which  he  only  separated  it  on  Ray's 
authority,  but  he  thought  it  must  be  the  sewin  or  shewin  of  South  Wales,  and  Salmo  crto.t  of 
Linna3us.  While  the  sea  trout,  Trutta  salmonata,  he  considered  of  a  thicker  shape  than  the  river 
trout.  He  also  admitted  the  white  trout  of  the  Esk,  in  Cumberland,  which  he  remarked  was 
"  called  by  the  Scots ^j/n'hocs."  Low  in  his  Fauna  Orcadensis,  written  prior  to  1795,  admitted  the 
salmon  trout,  bull  trout,  or  scurf,  Trutta  salmonata,  which  he  asserted  do  not  grow  in  the  Orkneys 


shewen,"  of  a  deep  silvery-gray,  with  purplish-gray  spots,  and  a  nearly  even  tail ;  and  the  salmon 
trout,  S.  trutta,  with  black  drop-like  spots  on  the  head,  body,  and  dorsal  fin.  Sir  Humphry 
Davy,  1824,  only  recognized  one  form  of  sea  trout  S.  crio.v,  which  he  observed  was  known  under 
different  names  in  different  districts,  as  salmon-peal,  sewen,  bull  trout,  but  most  correctly  as 

+  Fleming,  1828,  while  recording  the  bull  trout  having  a  forked  tail  which  he  considered 
identical  with  the  scurf,  owing  to  some  error  placed  it  under  the  head  of  Salmo  hucho,  observing 
that  it  possesses  no  teeth  "  in  the  middle  on  the  vomer: "  also  the  phinock  S.  albus,  also  with 

length,  and  the 
gray- trout  S. 
criox,  also  with  a 
nearly  even  tail 
of  much  more 
clumsy  shape 
than  the  last, 
seldom  entering 
rivers  before 
July.  Fleming's 
bull  trout  may 
have  referred  to 
an     old     male 


a  forked  tail, 
common  in  the 
sea  and  rivers  of 
Scotland  and  the 
north  of  Eng- 
land, and  seldom 
roaches  a  foot  in 
length.  The  sea 
trout,  S.  trutta, 
with  a  nearly  even 
tail,  attaining  to 
about  3  lb.  weight 
and    18    in.     in 


Fig.  23.    Grey  trout, 
S.  criox  (Yarrell). 


Fig.  24.    Salmon  trout, 
,S'.  trutta  (Yarrell). 


152 


SALMONIDiE    OF  BRITAIN. 


similarly  sLaped  tail-fin.  And  twootlier  forms  of  sea  trout  witb  nearly  even  tail 
fins,  Salmo  trutta  and  S.  eriox,  the  latter  being  the  gray  salmon  or  scurf  of 
WillougliLy  and  Ray,  tlie  sewin  of  Donovan,  and  also  the  whitling  or  phinoc,  tlie 
grilse  of  the  northern  sea  trout ;  showing  that  these  authors  united  the  Welsh 
sewin  with  the  northern  gray  salmon  and  whitling  and  placed  them  under  the 
name  of  Salmo  eriox  of  Linnasus.  But  Yarrell  again  reverted  to  there  being  only 
two  species,  but  which  he  considei-ed  were  both  found  in  the  northern  and  southern 
portions  of  the  British  Isles. 

During  the  last  quarter  of  a  century  much  has  been  written  upon  our 
indigenous  sea  trout,  but  the  number  of  species  has  only  been  augmented  (if  we 
omit  the  estuary  forms)  by  restoring  the  grilse  of  the  northern  form  of  sea  trout 
to  the  rank  of  a  species,  but  ignoring  the  scientific  name  Salmo  albns,  which 
had  been  bestowed  on  it  a  century  ago,  and  S.  phinoc  given  it  by  Turton  and 
re-naming  it  Salmo  hrachypoma,  Giinther,*  while  this  latter  author  suggested  that 

salmon :  his  phinoc  to  the  grilse  stage  of  the  sea  trout :  his  .S'.  trutta  to  the  salmon-trout, 
and  his  gray  trout  to  the  sewin.  Agassiz,  1834,  included  all  forms  of  sea  trout  under 
Salmo  trutta.  Jenyns,  1835,  admitted  the  buU-or-gray-trout  Salmo  eriox,  which  he  considered 
identical  with  the  sewin  of  Donovan,  having  an  even  tail  and  vomerine  teeth  confined  to  its 
anterior  extremity,  observing  that  in  the  Tweed  the  young  are  termed  whitlings,  while  he 
thought  that  ,S'.  huclio  of  Fleming  must  be  identical.  He  gave  secondly  the  sea  trout,  S.  trutta, 
having  the  vomerine  teeth  extending  the  whole  way  and  the  gill-cover  slightly  produced  behind, 
with  the  margin  rounded  ;  he  considered  Pennant's  white  fish  or  the  Salmo  albus,  as  the  herling, 
whiting  or  phinoc,  to  be  the  young  of  this  latter  race.  Yarrell,  1836,  beheved  we  possessed 
two  species  of  sea  trout,  (1)  the  gray  trout,  bull  trout,  round-tail  or  sewin,  Salmo  eriox,  the  gray 
trout  of  Willoughby.  He  distinguished  the  gill-covers  of  these  forms  as  will  be  seen  by  comparing 
the  two  figures.  (See  last  page,  figs.  23,  24  from  Yarrell.)  The  teeth  of  the  S.  eriox 
consist  in  the  adult  of  two  or  three  on  the  vomer  occupying  the  most  anterior  part 
only  :  the  tail  becomes  square  earlier  than  in  the  salmon  and  becomes  convex  with  age,  vertebrae 
59  or  GO.  The  Warkworth  trout  and  Coquet  trout  he  considered  the  young  of  this  form. 
(2)  The  salmon  trout,  known  also  as  the  truff  of  Devonshire  and  white  trout  of  Wales  and 
Ireland,  the  Fordwich  trout,  and  in  its  grilse  stage  as  the  hirling  and  phinoc,  Salmo  trutta,  is 
excellent  as  food :  the  form  of  its  gill-covers  (fig.  24)  being  intermediate  between  that  of  the 
salmon  (fig.  14,  p.  52)  and  gray  trout  (fig.  23).  The  teeth  on  the  vomer  extend  along  a  great 
part  of  its  length  :  tail  fin  is  less  forked  at  the  same  age  as  the  salmon,  but  becomes  ultimately 
square  at  the  end,  vertebrfc  58.  Sir  John  Eichardson,  in  Fauna  Boreali- Americana,  183G,  gave 
some  notices  of  British  trout  (1)  salmon-trout  in  which  he  found  in  one  example  from  the  Nith 
59  CcT3cal  appendages  and  in  a  second  01.  He  asserted  that  this  is  certainly  not  Salmo  trutta  of 
continental  authors.  (2)  Herling,  whiting  or  phinoc,  *S'.  alius,  ca'Ca  49.  (3)  Sewin,  S.  camhricus. 
Parnell,  1838,  while  generally  following  Yarrell,  admitted  the  bull  trout,  Salmo  eriox,  and  asserted 
that  at  its  grilse  stage  it  was  known  as  whitling  in  the  Tweed,  but  that  such  was  not  the  whitling 
at  Berwick.  Vomerine  teeth  confined  to  the  anterior  extremity  of  that  bone.  When  about 
nine  inches  in  length,  has  the  caudal  fin  acutely  forked;  the  middle  rays  elongating  with  the 
growth  of  the  fish,  and  the  fin  ultimately  becoming  even  at  the  end;  at  twenty  inches  the  middle 
ray  is  more  than  half  the  longest  in  the  fin.  As  regards  Yarrell's  dependence  upon  the  formation 
of  the  sub-opercle  and  its  line  of  union  with  the  opercle  compared  with  the  body  of  the  fish,  he 
observed  that  he  had  in  some  examples  recognized  this  character,  but  in  others  he  had  found  it 
to  vary  too  much  to  form  an  uniform  mark  of  distinction.  He  alluded  to  eight  varieties  he  had 
observed  in  the  Frith  of  Forth,  the  characteristics  of  which  formed  the  basis  for  their  names 
(see  page  10,  a}ite).  Secondly  he  recognized  the  salmon  trout,  Salmo  trutta,  in  which  the 
vomerine  teeth  are  not  confined  to  its  anterior  extremity  but  extend  far  back:  sides  with  X-shaped 
spots  and  tail  more  or  less  forked.  The  grilse  of  this  form  being  the  herling  or  whitling. 
Jardine,  1839,  gave  the  gray  trout  or  phinoc :  and  the  Solway  migratory  trout  as  herling. 
While  White  in  1851,  and  Thompson  in  1856,  retained  Yarrell's  nomenclature.  In  1863,  H.  Wide- 
grcn  (Of vers.  Vetensk.  AJiad.  Fvrhandl.)  considered  river,  lake,  and  sea  and  salmon-trout  as  one 
and  the  same  si^ecies,  assuming  a  different  appearance  according  to  the  locality  it  inhabited  and 
local  surroundings. 


*  Dr.  Giinther, 
1866,  admitted 
three  species  into 
the  Catalogue  of 
the  Fishes  of  the 
Britisli  Museum — ■ 
(1)  Sea  trout  (sec 
page  10  ante), 
Sahno  trutta,  in 
the  grilse  stage 
known  as  phinok, 
herling,  lammas- 


Fig.  25.  Salvia  trutta,  re- 
duced to  2  size  (Giinther). 


F'ig;.2G.  Salmo  camhricus,Ye- 
duced  to  5  size  (Giinther). 


men,  white  sal- 
mon, and  gave 
figures  of  the  gill- 
covers  of  the  two 
forms.  (Figs.  25 
and  26.)  Found  in 
rivers  falling  into 
the  Baltic  and 
German  Ocean, 
numerous  in 
Scotland,  but  less 
widely  distributed 
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Yarrcll's  figure  of  Salmo  crlox  (camhricus),  which  was  purchased  in  the  London 
market,  "  is  one  of  those  specimens  in  which  tlic  distinctive  characters  of  the  species 
arc  very  little  developed ;  and  it  is  quite  ])Ossiblc  that  the  specimen  came  from 
Scotland,  and  hclon^•s  to  Salmo  trulta''  (Catal.  vi,  p.  37).  While,  on  the  conti- 
nent, Wideg-rcn  (1803)  united  the  marine  and  fresh-water  forms  into  one  species. 
Doubtless  the  popular  or,  rather,  most  commonly  employed  scientific  name 
for  the  sewin  is  Salmo  criox,  but  certainly  Richardson  was  right  in  reverting  to 
S.  camhricus,  and  for  the  following  reasons  :— If  wc  turn  to  Artedi's  "  Genera 
Piscium,"  1738,  p.  12,  wc  find  that  he  recognized  in  the  description  of  the 
"gray  salmon"  of  Willoughby  and  Ray  the  griilax  of  Linnteus,  while  he  admitted 
as'a  distinct  species  the  Salmo  trutta  of  those  authors.  In  the  twelfth  edition  of 
"  Gmelins  Linnjcus,"  at  p.  1366,  the  "  gray  trout "  of  Ray  is  referred  to  the 
8.  erio.v  of  Linntcus,  as  it  had  previously  been  by  Artedi,  and  also  by  Bloch  in 
his  ''  Ichfhyologie"  at  p.  172.  Nilsson,  in  1855,  when  describing  one  of  the 
Scandinavian  forms  of  sea  trout,  imagined  that  he  recognized  it  in  a  figure  of  the 
"  sewin  "  in  one  of  Sir  John  Richardson's  works,  and  on  these  grounds  included 
both  under  the  head  of  S.  criox,  while  Yarrell  tells  us  that  he  accepted  Nilsson's 
identification;  but,  in  1878,  Professor  Malm  came  to  the  conclusion  that  the 
"gralax"  of  Linnteus  was  a  young  Salmo  salar.  Consequently,  although  fully 
re'cognizing  the  inconvenience  occasioned  by  changing  the  well-known  name  of  a 
species,  I  still  think  it  correct  to  discard  the  specific  term  eriox  from  our  British 
Salmonidje. 

For  the  purpose  of  fully  discriminating  the  sea  trout  in  its  various  phases, 
probably  the  best  plan  of  proceeding  will  be  first  to  describe  the  two  races,  with 
the  different  varieties  which  have  been  recorded  as  species,  and  subsequently  to 
enter  upon  a  general  history  of  the  sea  trout  as  a  whole,  and  in  which  any 
peculiarities  seen  in  the  various  trout  forms  will  be  alluded  to. 

in  Enfdish  and  Irish  rivers ;  and  having  observed  that  Parnell  was  guided  in  his  identifications  by 
the  amount  of  preservation,  of  the  teeth  on  the  vomer,  or  possessing  the  most  numerous 
spots,  he  continued:  "It  is  well-known  that  no  distinction  of  species  can  be  based  upon 
such 'trivial  grounds.  However,  a  few  of  the  specimens  named  S.  trutta  by  Parnell,  deviate 
so  much  from  the  typical  form,  in  having  a  stouter  body  or  shorter  fins,  or  a  more  perfect 
dentition  on  the  vomer,  that  they  might  be  taken  for  a  distinct  species.  But  as  they  do  not  agree 
one  with  another  in  several  characters,  it  appears  to  me  much  more  probable  that  they  are  hybrids 
between  the  Sea  Trout  and  common  Eiver  Trout."  He  considered  the  difference  in  the  shape  of 
the  gill-covers  very  characteristic  for  the  two  species,  but  admitted  that  numerous  variations  occur, 
and  that  there  are  specimens  of  S.  trutta  and  ,S'.  cambricus  which  have  gill-covers  of  precisely  the 
same  shape.  That  the  maxillary  and  mandibular  bones  are  stronger  in  the  latter  than  m  the 
former,  while  the  number  of  cacal  appendages  he  has  found  in  this  form  vary  from  43  to  61. 
(2)  Sewin,  the  gray  of  Willoughby,  and  the  Blue  Poll  of  Couch,  Salmo  camhricus,  which  possesses 
from  39  to  47  cacal  appendages,  although  he  found  examples  with  from  32  to  52  occurring  in  the 
rivers  of  Norway,  Denmark,  England,  Wales,  and  Ireland.  (3)  Salmo  hrachypoma,  consisting  either 
of  grilse  of  the  northern  form  of  sea  trout  or  such  examples  as  possess  a  short  head,  short  lower 
limb  to  the  preopercle  and  from  45  to  47  ca3cal  appendages.  Of  it  he  observed,  as  did  Jardine  when 
claiming  similar  specific  rank  for  the  salmon  par  {see  p.  84  ante),  that  "this  is  one  of  the  best 
marked  species  of  Salmon  "  Parnell  named  three  of  our  (?  his)  specimens  S.farw,  and  a  larger 
one  S.  eriox."  Couch,  in  1864,  gave  the  following  as  species  of  sea  trout :  (1)  the  iK'«/,  which  he 
identified  with  the  scurf,  the  Trutta  salmonata  of  Willoughby,  and  the  Salmo  trutta  of  Linnams 
and  Yarrell.  Found  in  considerable  abundance  through  the  whole  extent  of  the  British  Islands, 
he  remarked  on  having  received  one  from  "  Northumberland,  under  the  name  of  Hirhng,  Salmo 
albellus  "  (2)  Sewin,  which  he  considered  a  distinct  species  from  the  peal,  which  he  restricted 
to  Wales  :  he  referred  it  to  ,S'.  camhricus  of  Donovan.  (3)  Truff,  sea  trout,  gray  trout,  bull  trout, 
or  vu^  trout,  which  he  referred  to  Yarrell's  round-tail  or  ,S'.  criox,  and  said  to  be  irregularly 
distributed  throughout  the  United  Kingdom,  but  only  abundant  in  the  rivers  of  the  north  of 
England,  Scotland  and  Ireland.  (4)  Salmon-trout,  which  he  again  referred  to  ,S'  trutta  ot 
Linnteus  and  Yarrell,  as  he  had  the  peal:  he  considered  it  more  a  fish  of  the  north,  although 
occasionally  captured  in  the  south  and  west  of  the  kingdom  and  also  in  Ireland.  Day  (18SU-84) 
referred  the  sea  trout  to  a  single  variable  species,  and  considered  tliat  (1)  the  sea  trout,  ,S.  trutta, 
was  generally  a  northern  form,  and  the  (2)  sewin,  ,S'.  cambricus  (which  has  likewise  been 
termed  S.  eriox)  a  more  southern  race,  but  that  they  are  by  no  means  strictly  confined  to  these 
localities. 
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Fig.  27.     Head,  f  natural  size,  of  female 
salmon-trout,  12-3  inches  long. 


Fig. 


28.     Head,  I  natural  size,  of  male 
salmon-trout,  20  inches  long. 


The  race  of  Sea  tro2d*  generally  considered  as  otir  northern  one,t  is  also  known 
as  the  Salmon  or  Bull  trcut ;  Gray  salmon  of  the  Tweed  ;  Round-tail  in  the  Annan  ; 
Scurf,  Scurve,  or  Salmon-scurf  oi  the  Tees,  likewise  as  CocMvie  near  the  mouth  of 
that  river ;  Fordwich  trout  (ctec.  50)  ;  Candlemas  gray,  a  kelt  in  Cumberland  and 
Westmoreland.];  In  the  grilse-stage  in  Scotland,  as  Plvinoc  or  Finnocl;^  Herling, 
Moudie-trout,  or  in  the  northern  English  rivers  as  Whitlings  or  Whitings,\\  also 
Lammasmen^  in  the  Edinburgh  market  for  August  ones,  while  some  unclean  sea- 
trout  are  termed  thus  in  the  river  Allan,  and  g%dl  of  August,  and  mort  of  the 
Cumberland  rivers.  White  trout,  Ireland.  In  the  smolt-stage,  as  Sprod,  in  Cumber- 
land, also  sea-trout  grilse  are  sometimes  so  termed  ;  wdiile  the  par  in  Scotland  and 
those  becoming  smolts  are  known  as  Orange-fins  or  Yellow-fins,  Blaclc-tails,  Silver- 
zvhites.  Silver-grays  and  Burn-tails  in  the  Tyne,  and  in  Cumberland  as  Smelt-sprods 
and  Herring-sjirods.  A  correspondent  of  Land  and  Water  (March  27th,  1880),  gave 
the  following  as  the  Gaelic  names  of  salmon-trout  in  the  north  of  Scotland  :  gead- 
hhreac  and  hriccan,  and  sea-trout  as  breac-sdil  and  hreac-mara,  and  salmon-fry  as 
min-iasg  and  siol-hradain,  and  trout  of  any  kind  as  hreac  or  hricean — also  of 
salmon-trout  in  Ireland  as  colagan. 

B.  x-xii,  D.  12-14  (^l-,%)  I  0,  P.  13-14,  V.  9,  A.  11-13  (f:|),  C.  19-21,  L  1. 
115-130,  L  t.  f|:-H,  Vert.  57-60,  Ctec.  pyl.  33-61. 

Body  rather  elongated,  but  not  so  elegantly  shaped  as  in  the  salmon,  being 
thicker  and  shorter  in  proportion :  the  abdominal  profile  more  curved  than  that 
of  the  back.  The  proportions  of  one  part  of  the  body  to  the  remainder  vary  con- 
siderably, while  the  head  is  longer  in  males  than  in  females;  irrespective  of  which, 
there  appears  to  be  a  disposition  in  some  forms  to  have  abnormally  longer  or 
shorter  heads,  in  fact,  to  form  a  longer  or  shorter  headed  race.  The  young  in 
many  respects  are  similar  to  those  of  the  salmon,  but  with  the  pectoral  fins  always 
shorter.  Length  of  head  in  adults  4:\  to  h\,  of  caudal  fin  from  7t  to  8,  height  of 
body  from  4|  to  h\  in  the  total  length.  jE/7/es— diameter  about  &\  to  *7\  in 
examples  exceeding  15  inches  in  length,  about  2  to  2i  diameters  from  the  end  of 
the  snout,  and  the  same  distance  apart :  they  are  comparatively  much  larger  in  the 


*  The  term  Salmon-trout  was  originally  employed  under  the  impression  that  some  form  ('?  all) 
of  sea  trout  were  hybrids  between  the  salmon  and  the  trout, 
t  Salmo  trutta  (tice  synonymy,  p.  149  (uite). 

I  Ctnidlemas,  or  the  Feast  of  Candles,  held  on  February  2nd. 
§  I'tiiiioli,  Mr.  Orr  states,  means  "  yellow  fin." 

II  The  term  WhitVnui  in  a  few  localities  appears  to  be  employed  for  sea  trout  larger  than  when 
in  the  grilse  stage:  while  some  of  the  terms  given  as  applicable  to  smolts  of  this  form  arc 
in  other  places  used  for  their  grilse  condition.  Stoddart  observed  that,  if  breeding,  it  is  called  a 
BUI  in  the  Tweed  and  Esk. 

^  Lammas,  loaf,  mass,  or  feast,  a  festival  of  first-fruits,  celebrated  on  August  1st. 
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young.  Interorbital  space  convex,  and  equal  to  about  the  length  of  the  snout. 
Daring  the  breeding  season  a  knob  generally  exists  at  the  uj)per  side  of  tho 
anterior  end  of  the  lower  jaw  in  the  males.  The  posterior  extremity  of  the  ujipcv 
jaw  reaches  to  beyond  the  hind  edge  of  tho  eye  in  full-grown  examples,  and  it  is 
stronger  in  some  varieties  than  in  others.*  The  foi-m  of  the  gill-coverst  in  this 
fish  has  been  held  to  almost  denote  species  with  some  authors,  to  be  dependant  on 
sex  according  to  others,  or  to  be  of  no  signification  at  all.  In  some  the  posterior 
edge  of  the  preopercle  is  somewhat  sinuous,  while  it  has  a  distinct  lower  limb  ; 
however,  every  intermediate  form  may  be  found  between  it  and  examples  in 
which  there  is  scarcely  any  trace  of  a  lower  limb,  or  they  may  even  differ  on  tho 
opposite  sides  of  the  head  in  the  same  specimen.;]:  The  posterior  edge  of  tho 
opercle  and  subopercle  form  a  semi-circle,  in  which  the  subopercle  generally,  but 
not  invariably,  forms  the  most  prominent  point.  Several  raised  and  curved  lines 
are  mostly  present  upon  the  outer  edge  of  the  subopercle  and  opercle.  Tecth^ — 
in  the  young  similar  to  those  in  the  salmon  fry :  there  is  a  double  row  along  tho 
body  of  the  vomer,  and  a  transverse  row  across  the  hind  edge  of  the  head  of  that 
bone.  At  an  early  age  these  vomerine  teeth  become  lost,  more  quickly  in  some 
examples  than  in  others,  but  generally  along  the  body  of  this  bone  there  is  only  a 
single  row  in  examples  a  foot  or  upwards  in  length  :  and  these  have  their  points 

*  This  has  been  denied  by  Dr.  Giinthcr,  who,  however,  gives  proofs  of  its  being  so  in 
nature.  In  1866,  in  the  Catal.  of  Fish.  Brit.  Mas.,  vi,  p.  28,  he  asserted  of  the  Saliiio  initta, 
when  criticizing  one  point  of  Nilsson's  description  wherein  this  author  had  observed  that  the 
maxillary  bone  extended  to  behind  the  eye,  that  "this  is  the  case  in  very  old  males  only:"  at 
p.  30,  he  described  a  male  twenty  inches  long,  stating  the  maxillary  "  extends  considerably 
beyond  the  vertical  from  the  posterior  margin  of  the  orbit."  Also  of  a  female,  27:}  in.  long, 
that  this  bone  "  extends  beyond  the  posterior  margin  of  the  orbit "  (\).  31) ;  and  of  a  male,  18^  in. 
long,  wherein  this  bone  "extends  considerably  behind  the  vertical  from  the  posterior  margin  of 
the  eye  "  (p.  33). 

t  I  have  already  (p.  152  ante)  referred  to  Yarrell's  definition  of  the  gill-covers  and  given  copies 
of  his  figures,  while  Dr.  Giinther  (1866)  observed  that  the  former  author  generally  termed  females 
with  shorter  heads  as  S.  trutta  and  males  as  S.  criox  {camhricus).  He  believed  the  maxillary  bone 
in  the  latter  to  be  much  stronger  than  in  the  former. 

%  The  following  are  the  proportions  observed  in  a  pair  of  salmon-trout  from  the  Teith,  which 
were  used  for  artificial  propagation  in  November,  1886.  Male — 20  in.  long,  with  a  well-developed 
hook  to  the  lower  jaw  {see  fig.  28),  47  cffical  appendages,  and  two  teeth  in  the  hind  margin  of  the 
head  of  the  vomer  and  three  along  its  body  [gee  fig.  29,  No.  3).  Length  of  head  4i,  of  pectoral  fin  8, 
of  ventral  fin  10,  height  of  body  ^\  in  the  total  length.  Eyes — diameter  6  in  the  length  of  the 
head,  2^  diameters  from  the  end  of  the  snout,  and  3  apart.  Female — 12-8  in.  long,  50  cacal 
appendages,  and  two  teeth  on  the  hind  margin  of  the  head  of  the  vomer  and  none  along  its  body. 
Length  of  head  5,  of  i^ectoral  fin  7^,  of  ventral  fin  8§,  height  of  body  6  in  the  total  length.  Eyes 
— diameter  5^  in  the  length  of  the  head,  IJ  diameters  from  the  end  of  the  snout,  and  2^  apart. 

§  Jenyns,  1835,  observed  of  S.  trutta,  teeth  "  on  the  vomer  extending  all  along  the  ridge  of  the 
palate."  Yarrell,  1836,  gave  the  following  formula  from  which  to  select.  In  Salmo  erlox 
{camhricus)  the  teeth  on  the  vomer  occupy  in  the  adult  the  most  anterior  part  only,  and  are 
two  or  three  in  number,  while  in  ,S'.  trutta  they  extend  along  a  great  part  of  its  length.  Parnell, 
1838,  remarked  that  the  number  of  vomerine  teeth,  when  the  hsh  has  attained  about  eighteen 
inches  in  length,  are  uncertain,  varying  from  three  to  nine;  nor  is  it  possible  to  distinguish 
S.  trutta  by  the  teeth  only,  from  some  of  the  varieties  of  S.  erlox  {camhricus),  at  least  not  before 
the  fish  has  reached  the  length  of  twenty  inches,  when  it  will  be  found  that  S.  trutta  has  retained 
from  seven  to  nine  of  these  teeth,  and  that  S.  erlox  {camhricus)  and  varieties  have  lost  all  except 
a  few,  and  those  confined  to  its  anterior  extremity.  Dr.  Giinther,  1866,  asserted  of  Salmo 
trutta, '' heai  of  the  vomer  triangular,  as  broad  as  long,  toothless:  body  of  this  bone  with 
a  longitudinal  ridge,  armed  with  a  single  series  of  teeth,  some  of  which  are  bent  outwards :  the 
greater  part  of  these  teeth  are  lost  at  various  ages,  so  that  sometimes  only  three  or  four  are  left 
in  specimens  twelve  inches  long,  whilst  others,  much  older  examples  of  twenty  inches,  sometimes 
show  six  or  eight ;  generally  only  the  two  or  three  anterior  ones  are  found  in  examples  of  more 
than  twenty  inches  in  length"  {Catal.  vi,  p.  2-4).  And  at  p.  30  when  describing  a  male  twenty 
inches  long  he  remarked  that  "  the  body  of  the  vomer  has  lost  all  its  teeth,  and  only  three 
remain,  forming  the  transverse  series  across  the  posterior  part  of  the  head  of  this  bone."  Also 
at  p.  33,  of  a  male  eighteen  and  a  half  inches  long,  that  "  all  the  teeth  of  the  vomer  are  lost, 
except  three,  which  occupy  the  hinder  part  of  the  head  of  this  bono."  Of  the  sewin  .S'.  cam- 
hricus (or  erlox  of  Yarrell),  he  observed,  "Head  of  the  vomer  triangular,  broader  than  long, 
toothless  in  adult  examples,  and  armed  with  a  few  teeth  across  its  hinder  margin  in  young  ones : 
body  of  the  bone  with  a  sharp  longitudinal  ridge,  in  the  sides  of  which  the  teeth  are  inserted, 
forming  a  single  series,  and  alternately  pointing  towards  the  right  and  left ;  in  pure  (non-hybrid) 
specimens,  these  teeth  are  lost  in  the  grilse  state,  so  that  only  the  two  or  three  anterior  remain 
in  specimens  more  than  twelve  or  thirteen  inches  long  "  (1.  c.  p.  35). 
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turned  outwaixls  alternately  to  the  right  and  to  the  left,  being  the  remains  of  a 
double  row  that  existed  here  when  younger,  but  with  increasing  age  the  dental 
ridge  became  narrowed  and  some  teeth  have  fallen  out,  as  remarked  on  at 
p.  21,  The  assertion  of  Dr.  Giinther  respecting  the  head  of  this  bone  being  tooth- 
less is  possibly  a  misprint,  as  it  rarely  if  ever  is  so  naturally  in  specimens  under 
twenty  inches  in  length,  while  teeth  are  often  present  there  in  examples  exceeding 
this  size. 


These  figures  of 
the  vomer  in  this 
fish  are  in  No.  1  of 
a  female  herling  or 
whitling  from  the 
Esk,  at  Carlisle,  8-2 
in.  in  length,  head  5| 
in  the  total  length, 
the  fish  having  43 
cfEcal  appendages , 
and  57+^*  vertebra3 ; 
some  of  the  teeth 
have  already  dropped 
out,  but  the  remains 
of  a  double  row 
along  the  body  of  the 


Fig.  29.  Vomer  and  its  teeth  from 
1,  u-liitliiifi,  8-1  inches  long,  shown 
twice  natural  size;  2,  from  sahnon- 
trottt,  17  inches  long,  from  the  Oykell, 
natural  size;  3,  horn,  salmon-trout,  16 
inches  long,  from  the  Teith. 


vomer  is  apparent. 
Ko.  2  is  the  vomer  of 
a  salmon-trout  from 
the  Oykell,  17  in. 
long,  having  67 +  x 
vertebrae,  and  show- 
ing' more  teeth  alono: 
the  body  of  the 
vomer  than  is  usual 
in  a  fish  of  this  size. 
No.  3  is  a  salmon- 
trout  from  the  Teith, 
16  in.  long,  with  52 
cfecal  appendages 
and  58+'C  vertebi'fc, 
Althoue:h  it  has  two 


teeth  along  the  hind  edge  of  the  head  of  the  vomer  it  only  possesses  three  along 
its  body.  The  teeth  in  the  jaws  and  palatines  are  in  a  single  row.  Three  to 
six  strong,  sharp  recurved  ones  exist  on  either  side  of  the  tongue.  Fins — in 
large  examples  the  fins  are  comparatively  shorter  than  in  smaller  ones,  and  the 
pectoral  rarely  extends  half-way  to  the  base  of  the  ventral,  which  latter  is  situated 


Fig.  30.  Outlines  of  tail-fins  of  various  sea  trout.  1.  female  iclntVing, 
8-1  inches  long:  2.  tvnff,  8-2  inches  long:  3.  male  u-hitUng,  11  incheslong: 
4.  iem^le salmon-trout,  from  the  Teith,  12-3 incheslong:  5.  female sc»-/h,  15 inches 
long:  G.  female  sfM)/,  IG-G  incheslong:  7.  salmon-trout  horn  thcOykell,  17  inches 
long  :  8.  male  salmon-trout  from  the  Teith,  20  inches  long.  The  foregoing  tail  fins 
are  expanded  to  twice  the  depth  of  the  free  portion  of  the  tail  as  shown  in  p.  14. 
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bcnoatli  the  middle  or  last  third  of  the  dorsal.  Tho  dorsal  fin  is  comparatively  small  : 
■while  the  eaudal  is  subject  to  considerable  diversities  of  form,  in  fish  at  about 
twenty  inches  long  being  almost  square  at  its  posterior  extremity,  or  in  some  few 
instances  notched,  \vhile  in  still  largo  examples  it  becomes  convex,*  as  in  what 
would  bo  termed  "  round-tails  "  in  the  north.  Scales — fourteen  or  fifteen  rows 
in  an  oblique  line  from  the  hind  edge  of  tho  adipose  dorsal  fin,  downwards  and 
forwards  to  the  lateral-line.  The  scales  in  this  species,  more  particularly  in  the 
young,  ai'C  somewhat  deciduous,  about  twenty-four  rows  from  the  lateral-line  to  tho 
base  of  the  ventral  fin.  Ca3cal  appendages  vary  considerably  in  number:  thus  a 
Tweed  examplef  possessed  only  33,  but  in  other  respects  resembled  this  race.  In 
those  examined  in  the  Teith  this  and  last  year  I  found  from  47  to  50.:J:  As 
regards  the  Bumber  of  vertebrte  I  have  found  from  57  to  bO-\-x  counted  as 
explained  at  p.  15,  i.e.  omitting  the  last  in  my  enumeration.  Colours — Black 
bluish  gray,  becoming  lighter  on  the  sides  and  beneath,  having  a  purplish  gloss 
when  in  the  highest  condition,  but  which  takes  on  a  muddy  hue  after  having  been 
some  time  in  fresh  water.  Small  black  spots  on  those  fresh  from  the  salt  water, 
mostly  of  an  X-shape,  exist  along  the  gill-covers  and  upper  two-thirds  of  the 
body,  or  merely  upon  the  upper  half  of  the  gill-covers,  where  they  may  be 
surrounded  by  a  light  margin,  while  on  the  body  they  frequently  are  not  seen 
below  the  lateral-line.  But  when  the  fish  is  in  rivers  for  breeding  purposes  these 
spots  are  usually  larger  and  more  numerous,  sometimes  having  a  purplish  tinge 
or  a  purplish  or  reddish  surrounding.  But  some  are  densely,  otheis  sparsely 
spotted,  with  every  intermediate  variety.  The  dorsal  fin  light  gray  or  even 
straw-coloured,  anci  may  be  destitute  of  spots,  thickly  or  thinly  covered  by  them. 
Pectoral  of  a  bluish  lilac,  often  darkest  externally.  Caudal  gray,  or  even  dark 
coloured,  but  usually  dull  straw-coloured  in  the  adult.  Daring  the  spawning 
season  the  head  of  the  male  is  of  an  olive  brown,  becoming  black  on  the  under 
surface,  and  the  body  of  a  dingy  gray  or  reddish  brown,  while  the  female  is  of  a 
blackish  gray  :  the  adipose  dorsal  fin  with  from  one  to  three  black  spots  on  its  edge, 
also  the  upper  and  lower  margin  of  the  caudal  are  usually  orange. §  Sea  trout  par 
or  orange-fins  are  marked  almost  similarly  to  the  young  of  the  salmon,  but  the  dorsal 
fin  has  generally  a  more  distinct  white  upper  edge  anteriorly,  with  a  blackish  basal 
band,  which  often  passes  along  almost  the  entire  extent  of  the  upper  fifth  of  the  fin, 
and  similar  to  the  colours  seen  in  the  brook  trout,  while  its  adipose  dorsal  is  tipped 
with  orange.  In  the  grilse  stage  (see  whitling,  p.  159)  the  caudal  is  usually 
blackish, II  becoming  lighter  as  it  gets  older,  first  in  its  basal  portion,  which  is 
straw-coloured,  and  this  spreads  to  the  remainder  of  the  fin. 

*  Fleming  stated  that  the  hind  margin  of  the  caudal  fin  in  this  species  is  nearly  even,  Jenyns 
that  it  is  forked,  Yarrell  that  it  is  less  forked  at  the  same  age  as  the  salmon  but  becomes  ulti- 
mately square  at  the  end,  Giinther  that  the  caudal  is  square  at  eighteen  or  twenty  inches,  but 
in  rare  cases  emarginate  even  at  2o  inches. 

t  Mr.  Brotherston,  of  Kelso,  sent  me  in  August,  1882,  a  specimen  from  the  Tweed,  termed 
"  bull  trout,"  it  was  a  female,  with  small  ova,  only  two  teeth  remained  on  the  hind  margin  of 
the  head  of  the  vomer,  its  tail  was  almost  square  at  its  extremity,  and  it  only  possessed  thirty - 
three  cfccal  appendages. 

J  In  the  Britiah  Museum  Catalogue,  vol.  vi,  we  are  told  of  this  form  "  Cffical  pylori  49-61,  rarely 
less  "  :  while  the  following  are  the  number  of  those  appendages  asserted  to  be  present  in 
siiecimens  in  the  collection  :  five  males  from  Scotland  gave  43,  45,  50,  52,  58;  twelve  females 
41),  49,  49,  50,  51,  52,  54,  oo,  59,  59,  00 ;  one  from  the  Ouse  49 ;  one  from  the  Eden  49  ;  and  one 
from  Fordwich  50 ;  showing  variations  from  43  to  GO.  Those  having  less  than  47  seem  to  be 
considered  hybrids  ;  of  these  there  are  three,  as  follows :  38,  38,  42,  and  three  more  stated  to 
possess  from  3G-46. 

§  Thompson  alluded  to  one  example  which  had  a  series  of  deep  orange  longitudinal  stripes, 
possibly  a  male  in  the  breeding  livery,  but  I  have  never  seen  one  in  the  rivers  of  this  colour.  It 
has  been  suggested  {sec  bull  trout,  p.  172)  that  some  of  these  fish  may  be  hybrids  between  the 
S.  trutta  and  S.  salar. 

II  Kespecting  the  number  of  vertical  bars  or  bands,  the  so-called  finger  marks,  the  following 
have  been  recorded  by  various  ichthyologists  in  Great  Britain,  rennant  (1770)  observed  of  the 
samlet  or  par  that  "  it  is  also  marked  from  the  back  to  the  sides  with  six  or  seven  large  bluish 
bars :  but  this  is  not  a  certain  character,  as  the  same  is  sometimes  found  in  young  trout  " 
(p.  305,  pi.  Hx,  no.  148).  Fleming  (1828)  remarked  that  "the  Samlet  or  Par  of  Pennant  is  now 
generally  considered  as  the  young  of  this  species  (.S'.  trutta)  or  of  the  salmon  "  (p.  180).  Parnell 
(1838)  described  "  the  lateral-line  crossed  with  from  eight  to  nine,  and  sometimes  ten,  transverse 
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Fig.  31.    Head  natural  size  of  female  scurf. 


The  Scurf  ot  the  Tees  has,  from  the  time  of  Willoughby  until  now,  been  almost 
universally  considered  to  be  identical  with  the  salmon-trout,  Salmo  tnitta.  In 
the  following-  there  were,  D.  13  (i),  P.  13,  V.  9,  A.  11  (|),  C.  21,  Vert.  58  +  cc.  A 
female  received  from  Mr.  Grissell,  in  August,  1885,  was  IG'6  inches  long,*  and  the 
tail  fin  slightly  concave,  length  of  head  5f  in  the  total  length,  form  of  preopercle 
as  in  the  figure,  while  it  possessed  56  ctecal  appendages,  and  its  tail  fin  was 
equally  concave  with  no.  5  in  figure  no.  30  (p.  156  ante).  Another  specimen, 
also  termed  Scurf  or  Gochivies,  was  sent  in  April  the  same  year,  from  Turcebridge- 
on-the-Tees  :  it  also  was  a  female,  16  inches  long,  and  had  recently  spawned, 
twenty-three  full-sized  eggs  still  remaining  in  the  abdominal  cavity.  Length  of 
head  h\  in  the  total  length  (see  figure  31)  :  it  had  52  CEecal  appendages.  A  third 
example  from  the  same  locality  was  a  male,  18  inches  long,  with  a  small  hook  at 
the  end  of  its  lower  jaw  :  the  tail  fin  was  slightly  concave  :  cascal  appendages  52, 
and  the  milt  well  forward.  All  were  of  the  general  colours  of  salmon- trout,  and  the 
black  sjiots  extended  in  from  one  to  three  irregular  rows  below  the  lateral-line. 

bluish  bands,  with  an  orange-coloured  spot  placed  between  each"  (p.  295).  Mr.  Shaw  (1843) 
gave  figures  in  the  Transactions  of  the  Royal  Society  of  Edinburgh  of  young  Salmo  salar,  S.  trutta, 
and  S.  fario,  showing  fourteen  in  the  salmon,  twelve  in  the  sea  trout,  and  thirteen  or  fourteen, 
some  of  which  were  broken  up  in  the  middle,  in  the  fresh-water  trout.  He  also  remarked,  with 
reference  to  the  young  salmon-trout,  that  "  on  comparing  them  with  the  common  trout,  the 
resemblance  is  very  striking,  the  general  outline  of  the  fish  being  less  elegant  than  that  of  the 
young  salmon  or  par,  the  external  markings  being  also  more  peculiarly  those  of  the  trout  species, 
so  that,  in  the  absence  of  the  parent  skins,  it  would  be  a  matter  of  difficulty  to  determine  to  which 
kind  of  trout  they  actually  belong."  Dr.  Giinther  remarked  as  follows  :  Catalogue  of  the  Fishes  in 
the  British  Museum,  vol.  vi,  18G6,  ]).  25,  Salmo  trutta,  "  young  with  nine  or  ten  dusky  cross-bars." 
In  his  Introduction  to  the  Study  of  Fislies,  1880,  he  observed,  "  the  number  of  bars  is  not  quite 
constant,  but  the  migratory  trout  have  two  (and  even  three)  more  than  river  trout  "  (p.  631).  I 
may  here  just  allude  to  the  fact  that  the  Lochleven  trout  Dr.  Giinther  asserted  to  be  "  a 
non-migratory  species  inhabiting  Lochleven  and  other  lakes,"  etc.  (Catal.  vol.  vi,  p.  101)  ;  con- 
sequently it  ought  to  have  two  or  three  bars  less  than  his  S.  trutta  (stated  to  possess  nine  or  ten), 
but  instead  of  this,  it  may  have  from  fifteen  to  sixteen,  as  observed  in  a  very  large  number  of 
young  examples  at  Howietoun.  In  a  brook  at  Cowley,  where  neither  sea  trout  nor  salmon  can 
ascend,  the  trout  pars  had  from  nine  to  ten  lateral  bands,  similar  to  the  number  present  in  the 
salmon  pars. 

*  In  it  were  numerous  eggs  up  to  0-125  of  an  inch  each  in  diameter  :  numbers  are  said  to 
ascend  this  river  at  this  jjeriod  of  the  year,  weighing  from  1  lb.  to  14  lb.  each.  Unless  in  the  kelt 
stage  it  is  said  not  to  rise  to  the  fly.  In  a  correspondence  between  Mr.  Surtees  and  Frank 
Buckland,  in  September,  18G9,  we  are  told  that  at  Dinsdale-on-Tees  they  fetch  nearly  the  same 
price  as  salmon,  for,  by  the  employment  of  a  pair  of  scissors,  the  round-tail  of  the  bull-trout 
becomes  the  more  forked-tailed  salmon.  However,  Buckland,  having  eaten  one,  observed  that  it 
had  a  very  had  taste. 
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Fig.  32.  Head,  natural  size,  of 
female  whitling,  8-2  inches  long, 
Cfecal  appendages  50. 


Fig.  33.     Head,  natural  size,  of  male  whitliny, 
11  inches  long,  cit'cal  appendages  40. 


The  Whitling*  or  Whiting  of  Cumberland  has  many  local  names,  being  the 
grilse  stage  of  the  salmon-trout  (.^ee  p.  154).  Like  the  salmon-grilse  it  has  proved 
a  fruitful  source  of  contention  to  ichthyologists  and  others. f  In  July,  1885,  the 
Rev.  W.  Jackson,  m.a.,  kindly  sent  me  from  Carlisle  a  series  of  these  fishes, 
furnishing  a  most  complete  chain  of  examples  passing  from  S.  tnitta  on  one  hand 
to  S.  far  in  on  the  other.  They  were  individnally  between  7  and  11  inches  in 
length,  and  seven  of  them  clearly  belonged  to  the  white  ti'out,  Salmon  albus,  of 
Pennant,  which  is  also  known  as  Sprod.X  The  following  is  a  brief  summary  of  these 
fish.  No.  1,  male,  11  inches  long,  ca;cal  pylori  40,  length  of  head  5^  in  the  entire 
length,  three  teeth  on  hind  margin  of  head  of  vomer,  12  along  its  body  in  a  zig- 
zag line.  Silvery  with  black  spots  above  the  lateral-line,  and  two  irregular  rows 
below  it :  dorsal  fin  with  a  few  black  spots  along  its  summit  and  base  :  pectoral  dark 
edged,  the  other  fins  diaphanous.  No.  2,  female,  9-5  inches  long,  csecal  pylori 
4G  ;  length  of  head  5  the  entire  length.  Teeth  on  vomer  as  in  last.  Silvery 
with  black  spots,  dorsal  fin  dai^k-spotted  and  candal  black  edged.     Many  sea  lice 

*  Stoddart  observed  of  the  Esk,  that  "  in  summer  a  few  sea  trout,  answering  the  description 
of  whitlings,  and  weighing  from  1  ik  to  8  lb.,  push  their  way  up,  and  are  generally  killed.  After 
them,  in  July  and  August,  succeed  the  herlings,  and  lastly,  the  bills  or  bulls."  ..."  The  far- 
famed  bull  trout  of  Tarras,  a  tributary  of  the  Esk,  were  merely  biUs,  and,  when  '  ta'en  in 
season,'  herlings  or  whitens,  the  latter  being  another  local  name  for  the  same  description  of  fish  " 
(p.  230). 

f  Pennant,  in  1776,  remarked  that  "this  species  migrates  out  of  the  sea  into  the  river  T'sk  in 
Cumherland,  from  July  to  September,  and  is  called  from  its  colour  the  whiting.'"  He  observed 
upon  their  having  the  sea  louse  adhering  to  them  on  their  first  appearance,  that  they  possess  both 
milt  and  spawn,  while  "  this  is  the  fish  called  by  the  Scots  phinoc,"  and  never  exceeds  a  foot  in 
length.  I  have  already  shown  that  although  Turton,  Fleming,  Jardine,  Richardson,  Giinther,  and 
Couch  have  considered  it  a  distinct  species  ;  Sir  Humphry  Davy,  Agassiz,  Jenyns,  Yarrell,  Parnell, 
White,  and  Thompson  held  it  to  be  the  grilse  stage  of  salmon-trout.  Parnell,  in  1838,  believed  the  .S'. 
alhus  to  be  nothing  more  than  the  young  of  some  migratory  trout,  and  having  remained  several  weeks 
on  the  banks  of  Sol  way  Firth,  inspecting  several  hundred  specimens  and  carefully  dissecting  two 
hundred,  he  found  them  to  difi'er  exceedingly  from  one  another  in  their  structure,  the  number  of 
their  scales,  the  colour  of  their  flesh,  and  the  form  and  arrangement  of  the  lateral  spots.  He 
remarked  that  shortly  after  entering  rivers  they  lose  their  silvery  appearance,  and  the  flesh,  which 
had  previously  had  a  reddish  tinge  and  a  delicate  flavour,  now  becomes  white  and  insipid,  and  the 
fish  soon  assumes  an  unwholesome  appearance.  They  return  to  the  sea  in  January  or  February, 
and  are  sold  in  Edinburgh  as  Lammasmen.  Hamilton,  Natural  Histonj  of  Britislt  Fishes,  1843, 
also  held  that  "  Ichthyologists  are  now  agreed  it  (S.  albns)  is  nothing  more  than  the  salmon-trout 
after  being  for  a  time  in  the  sea  and  returning  to  fresh  water,  and  in  this  state  they  are  called 
herlings  or  whitlings,  sometimes  phinocks."  Fishermen  have  likewise  considered  them  to  be  the 
young  of  the  salmon-trout.  Thus  Mr.  Johnstone  (1824)  deposed  before  the  Salmon  Commissioners  that 
"  they  are  called  herlings  on  the  Scotch  side  of  the  Solway ;  they  are  called  whitings  on  the  English 
side;  they  are  called  sometimes  lierlings  and  sometimes  whitlings  at  Berwick;  they  are  caUed 
xehitelings  on  the  Tay,  and  finnocks  in  the  north  of  Scotland."  Wliile  Lord  Home,  as  stated  by 
Yarrell,  observed  that  "  the  whitling  in  the  Tweed  was  the  salmon-trout  {S.  cambric  us  or  eriox), 
not  the  young  of  the  bull  trout  (S'.  trntta),  which  now  go  by  the  name  of  '  trouts  '  simply." 

+  A  correspondent  of  Frank  Buckland  observed  that  "the  flesh  of  the  sprod,  or  smelt 
{Salmo  albus)  or  herling  is  white,  that  of  the  mort  (S.  trutta)  is  pink." 
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on  this  fish.  No.  3  male,  8-2  inclies  long,  caical  pylori  50  :  length  of  head  4§  in 
the  entire  length.  Few  spots  below  the  lateral-line.  Dorsal  fin  spotted,  its 
upper-anterior  corner  black  :  pectoral  very  dark  :  caudal  dark  edged.  No.  4,  8-1 
inches  long  :  ca3cal  pylori  40  :  length  of  head  4A  in  the  entire  length.  Only  a  few 
black  spots  below  the  lateral-line  :  dorsal  fin  spotted  with  black  and  having  its 
upper-anterior  margin  with  a  white  edge :  adipose  dorsal  edged  with  orange  : 
pectoral  fin  reddish  except  at  its  edge.  Teeth  as  in  No.  _  1.  No.  5,  female, 
7-5  inches  long:  cfBcal  pylori  60  :  length  of  head  4.j  in  the  entire  length.  Upper- 
anterior  corner  of  dorsal  fin  black  margined  with  white.  No.  6,  7-8  inches  long  : 
ca?cal  pylori  42  :  length  of  head  5i  in  the  entire  length.  No.  7,  7-5  inches  long : 
ciBcal  pylori  43  :  length  of  head  4f  in  the  entire  length.  No.  8  in  colours  was  a 
yellow  trout,  male,  8-8  inches  long :  ctecal  pylori  40 :  length  of  head  5  in.  the 
entire  length ;  colours  yellowish,  having  numerous  large  red  spots  surrounded  by 
a  lio-ht  edging :  dorsal  fin  densely  spotted,  its  upper-anterior  corner  with  a  black- 
based  white  edging  :  caudal  fin  red  edged. 

In  the  foregoing  series  (excluding  No.  8),  the  colours  of  the  fins  graduated 
towards  those  of  the  brook  trout :  the  length  of  the  head  of  a  local  example  of 
male  brook  trout  was  one-fifth  of  the  entire  length  of  the  fish,  whereas  in  these 
whitlings  it  varied  from  4|  to  5|  in  the  total  :  the  lower  limb  of  the  preopcrcle  in 
all  but  one  was  very  short,"  when  the  adipose  or  dead  fin  Avas  orange  the  pectoral 
was  light  coloured  :  and  the  anterioi'-superior  margin  of  the  back  fin  from  being 
nearlyblack  in  some  had  a  white  margin  in  others,  while  in  two  there  was  abso- 
lutely  no  black  spots  at  all  on  this  fin.  As  to  the  vomerine  teeth,*  in  all  a  row 
was  present  along  the  hind  margin  of  the  head  of  that  bone,  and  in  a  more  or 
less  complete  zig-zag  line  along  its  body  (see  fig.  29,  no.  1,  p.  156).  The  cfecal 
appendages  averaged  53,  but  were  of  varying  numbers  from  40,  40,  42,  43,  46, 
50,  60.  In  the  one  in  which  the  vertebrae  were  examined,  there  were  58  +  ^-  I*^ 
must  be  evident  that  in  this  series  we  have  evidence  of  a  gradual  approach  from 
the  sea  to  the  river  trout. 


Fig.  34.     Head,  natural  size,  of  female  Sewtn  or  southern  race. 

The  race  of  sea  trout  generally  considered  as  more  exclusively  our  southern 
and  Irish  onef  has  been  subdivided  by  authors  in  accordance  with  its  size,  sex, 
external  appearance,  and  the  number  of  teeth  existing  on  the  body  of  the  vomer. 

*  Parnell  observed  of  the  vomerine  teeth  that  "  they  are  from  nine  to  twelve  in  number,  and 
in  about  one  example  out  of  twenty  only  three  of  these  teeth  are  perceptible,  and  these  confined 
to  the  most  anterior  part "  (p.  29()).  .,,,..  i-, 

+  Donovan,  in  his  Tour  in  South  Wales  and  MonmoutJishire,  drew  attention  to  this  form,  which 
he  termed  Salmo  cauihricus  (for  synonymy,  see  p.  150  ante),  observing  on  its  appearing  on  the  sea 
coast  and  in  the  rivers  of  Wales  during  the  summer  months,  from  May  to  September,  and  then 
returning  to  the  sea. 

In  the  Beimt  of  the  Comviissioners  ax>imntcd  to  inquire  into  the  Salmon  Fisheries  of  England 
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liiill  trout  is  a  name  not  restricted  to  one  race,  but  apparently  more  used  to 
designate  largo  and  coarse  examples.  Tntff  in  Devonshire:  likewise  employed 
for  "moderately  sized  fish  :  Snwin*  in  Wales  :  Givintadf  in  the  Teifi  :  Corr  in  the 
Usk  :J  TiL'hs§  in  the  Taft":  BuntUngs\\  in  tho  Clwyd,  Elwy  and  Chester  Deo:  Peal 
in  Devonshire  and  along  the  south  coast ;  of  these,  several  kinds  have  received 
names,  or  else  owing  to  the  time  of  their  appearance  as  May-Peal,  Pug- Peal, 

and  With's  in  1800  a  considerable  amount  of  information  was  given  respecting  the  sewin.  In  tho 
Severn  they  were  said  to  be  very  rare  and  ascended  about  July  ;  only  a  few  were  taken,  and  that 
by  chance,  in  the  Wye,  while  they  were  absent  from  the  Monnow  and  the  Lugt,',  and  rare  in  tho 
Usk.  At  Cardiff  the  rivers  were  too  polluted  for  fish  to  reside  in  ;  but  sewin  in  the  Ograorc 
spawned  as  early  as  September.  A  second  form  termed  "  tobbs,"  or  tivb.^  was  believed  to  belong  to  a 
dift'erent  species  of  sea  trout.  Mr.  Lea  asserted  that  sewin  from  1  lb.  to  o  lb.  in  weight  ascended 
in  April,  those  of  about  2  lb.  weight  in  May,  but  only  of  1  lb.  weight  in  August.  Mr.  Llewellyn, 
however,  observed  that  about  Christmas  there  was  a  run  of  young  lish  from  i  lb.  to  -J  lb.  in  weight 
which  ascended  in  couples.  Near  Swansea,  the  Tawc  abounded  in  sewin,  and  some  ascended 
the  Cadly  and  the  Neath  river,  while  these  fish  augmented  in  numbers  in  the  Carmartlien  Bay, 
being  very  abundant  in  the  Towy,  where  their  average  weight  was  from  2^  to  S  lb.  and  they  seldom 
exceeded  6  lb.  A  fisherman  remarked  that,  from  April  until  August,  the  sewin  vary  from  4  lb.  to 
1  lb.  in  weight,  and  they  used  a  four-inched  mesh  for  their  nets,  but  they  generally  run  very  large 
from  April  to  about  the  middle  of  June  ;  in  August  sewin  nets  were  superseded  by  those  for  the 
salmon.  Another  witness  did  not  know  of  any  fish  termed  "  twbs  "  in  the  Towy  ;  he  considered 
there  was  only  one  kind  of  sea  trout  in  the  river,  and  that  the  large  ones  were  salmon.  Sewin  were 
said  to  be  taken  in  small  meshed  nets  during  July  and  August  in  tho  Claddew  and  the  Teifi.  In 
the  T;lf,  the  produce  of  the  river  upon  which  fishermen  most  depended  was  said  to  be  the  sewin. 
In  the  Neveru  at  Newport,  the  sewin  commenced  ascending  in  June,  and  were  plentiful.  Tho 
Dovey  contained  a  large  amount  of  sewin  until  the  mine  water  stopped  them  to  some  extent.  In 
the  Conway  sewin  were  more  abundant  than  salmon,  and  commenced  spa  wring  in  September. 
Near  Ehyl,  in  the  Clwyd  and  Elwy,  the  sewin  were  termed  "  bantlings,'"  and  were  in  good 
numbers,  perhaps  one  hundred  to  every  salmon  :  they  commenced  running  up  in  June  to  the  end 
of  August  or  September,  and  by  the  beginning  of  October  they  were  out  of  condition.  In  the 
Chester  Dee  these  fish  were  asserted  to  be  plentiful  up  to  July  and  August.  As  regards  size,  sewin 
were  said  to  attain  to  12  lb.  in  weight,  but  bull  trout  only  to  .5  lb.  or  6  lb. :  while  it  was  stated  that 
in  some  waters  which  were  never  netted  their  average  weight  did  not  come  up  to  4  lb. 

*  Bucklaud  observed,  "  A  fish  known  in  the  neighbourhood  of  the  Ogmore,  Wales,  as  the 
sewin,  runs  up  in  July,  August,  and  September.  These  are  said  to  be  all  females  ;  some  say  that 
the  twb,  or  in  Welsh  '  Twbbyn  '  (i.e.  the  sea  trout),  is  the  male  of  the  sewin."  Continuing  that, 
the  Eev.  Augustus  Morgan  "writes  me,  "  The  sewin  comes  up  the  river  Rhymney,  South  Wales, 
just  when  the  oak  is  coming  into  bloom.  Brith-dail  (Queen  bull  trout)  come  when  the  leaves  in 
the  autumn  are  beginning  to  change  colour  and  fall;  and  the  salmon  proper  (Salmo  salar)  never 
ascend  in  any  numbers  till  November  or  December."  Dr.  Gilnther,  however,  gave  a  different 
interpretation,  asserting  that  hybrids  are  known  as  "  Twb-y-dail,  literally  Fall  of  the  Leaf, 
indicative  of  the  reddish  shade  of  colour,  and  of  the  dark  brown  spots  of  the  male  "  (Catal.  vi,  p.  47). 
While  in  Owen's  Welsh  Dictionary  this  term  is  locally  employed  for  the  chub,  Lcuciscus 
cejjhahis. 

f  Captain  Benyon,  when  giving  his  evidence  before  the  Salmon  Commissioners^  in  1800, 
observed  that  in  Welsh  rivers  this  name  was  given  to  the  Sewin  when  in  certain  conditions,  while 
in  the  Teifi  fry  were  so-called.  It  means  "  weak  fish."  Major  Treherne  also  asserted  that  they 
were  sea  trout,  that  he  took  them  with  sea  lice  upon  them,  that  they  ascend  the  river  all  through 
the  summer,  and  he  only  knew  them  from  trout  by  their  play  and  the  large  spots  on  thcra, 
while  li^lb.  was  the  largest  he  had  seen.  A  fisherman,  Llewellyn,  also  deposed  that  Gwiniad 
Ebrill,  or  April  gwiniad,  arrived  about  the  middle  of  that  month,  of  a  size  from  \  lb.  to  2i  lb. 
They  are  a  very  handsome  fish,  the  marks  on  them  instead  of  being  small  like  a  trout  are  large 
brown  spots  about  the  size  of  a  threepenny  or  fourpenny  piece.  Its  flesh  is  as  pink  as  any 
salmon  in  the  highest  season,  while  the  trout  in  the  Ogmore  is  particularly  white. 

+  Mr.  C.  Pennell  says,  "  I  have  caught  several  hundred  bull  trout  myself  in  the  Usk,  averaging 
froin  4  lb.  up  to  20  lb.,  and  never  remember  to  have  caught  one  of  much  less  than  the  first-named 
weight,  it  is  only  reasonable  to  conclude  that  this  is  the  size  at  which  they  return  to  the  river 
after  their  first  salt-water  trip  "  (p.  148).  .       •      •   .    .i, 

§  Major  Treherne  giving  his  evidence  before  the  Commissioners  appomted  to  mquire  mto  the 
English  and  Welsh  Salmon  Fisheries  in  1800,  remarked  concerning  the  Ogmore,  "  I  know  there 
are  fish  running  down  in  October  called  '  twb-y-dail,'  they  are  about  nine  or  ten  pounds,  and  I 
believe  them  to  be  nothing  else  but  the  male  of  the  sewin.  I  have  never  found  any  milt  in  what 
are  called  sewin.  In  my  belief  the  twb-y-dail  are  all  male  fish.  I  am  certain  that  tho  scwin  of 
Wales,  the  sea  trout  of  Scotland,  and  the  white-trout  of  Ireland  are  the  same  fish." 

II  Edwards,  giving  evidence  in  18()0  respecting  the  lish  in  the  Clwyd  and  Elwy  stated,_  "  there 
are  only  five  sorts  of  fish  in  our  rivers.  The  first  is  brown  trout ;  the  next  is  gravehng,  and 
where  you  see  graveling  there  will  be  no  salmon  come  up  to  that  river  at  all ;  then  after  the 
graveling  there  will  be  the  sea  trout  and  tho  other  salmon  we  call  buntling— there  are  great  spots 
upon  them  just  like  a  snake," 
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Png-Salmon  or  Teal,  if  large  in  the  Torridge,  Harvest-Peal  and  School-Peal  in 
the  Devonshire  Erme  ;*  Bourge-Trout  in  Hampshire  in  the  Itchen,  the  Test,  the 
Beaulieu,  the  Lymington,  and  other  rivers  in  the  county.  In  its  grilse-stage  it  is 
termed  Wliite-fisli,  in  the  Dart  and  Teign  and  rivers  along  the  south  coast  until  it 
becomes  about  six  inches  in  length,  when  in  some  localities  it  is  termed  Peal  (but 
this  latter  name  is  sometimes  employed  for  large  fish),  while  occasionally  wliite-fisli 
refers  to  the  smolts.  In  some  parts  of  Ireland  they  are  known  as  Trout-Peal. 
The  young  are  termed  Par  or  8pawn,\  and  in  Welsh  Sil-bodiam. 

B.  5-sii,  D.  12-14  (g^lv*o)  /O  P.  13-14,  V.  9,  A.  11-12  (f 4),  C.  19-21,  L.  1.  115- 
130,  L  tr.  -|r-|T>  "^ert.  58-60,  Ca3c.  pyl.  33-52. 

The  form  of  the  body  externally  is  so  similar  to  that  of  the  northern 
race|  that  it  has  been  deemed  necessary  to  first  ascertain  the  number  of  coecal 
appendages  or  the  strength  of  the  jaws,  prior  to  its  being  always  possible  to 
offer  an  opinion. §  It  has  both  its  long  and  its  short-headed  varieties  as  seen 
in  the  salmon-trout  of  the  east  coast  of  Scotland.  Although  it  has  been 
asserted  that  in  the  sewin  the  head  is  "  rather  long  as  compared  with  its  depth," 
while  that  of  the  salmon- trout,  S.  tridta,  "  is  rather  short  as  compared  to 
its  depth,"  such  does  not  appear  to  be  the  rule  if  sex  is  also  considered.  Doubtless 
it  may  be  so  in  some  examples,  but  the  reader  is  referred  to  the  outlines  of  the 
heads  on  pages  154,  158,  159,  160.  The  length  of  the  head  in  a  number  of 
examples  was  from  4|  to  5j  in  the  total,  or  rather  less  than  seen  in  salmon-trout. 
But  the  proportions  of  one  part  of  the  body  to  the  remainder,  and  the  form  of  the 
gill-covers,  were  so  similar  to  those  described  for  the  salmon-trout  (p.  154)  that 
repetition  seems  unnecessary.  Teeth — in  a  single  row  across  the  hind  edge 
of  the  head  of  the  vomer,  and  in  a  double  row  in  the  young  along  the  body  of 
that  bone.     This  last  soon  changes  into  a  single  row,  with  the  points  of  the 

*  In  1879  a  correspondence  commenced  respecting  the  Hue  poll  and  Hue  cocks  of  the  Fowey 
in  Cornwall,  also  termed  Candlemassjh]i,  and  which  were  sold  in  Billingsgate  as  "  Cornish  salmon." 
Some  which  used  to  be  taken  at  the  beginning  of  the  year  were  said  to  have  been  unmended 
kelts,  while  an  example  sent  from  that  river  in  December,  1879,  to  Mr.  Frank  Buckland,  proved 
to  be  a  male  with  the  milt  fully  developed  and  ready  for  extrusion.  Mr.  Nott  (18G0)  remarking 
on  the  fish  of  the  Clwyd  and  Elwy,  observed  that  a  great  many  of  the  "blue  salmon  "  run  up 
from  June  to  the  latter  end  of  August  and  September ;  about  half  were  true  salmon  and  half  were 
buntlings.  InthoTowy,  in  Wales,  there  is  a  variety  termed  sn/wio«  glashach,  "little  blue  salmon," 
which  largely  ascend  for  the  purpose  of  spawning  in  the  last  week  in  January  and  the  first  half  of 
February,  and  we  are  told  that  thirty  years  ago,  prior  to  the  reinstitution  of  a  close  season,  all 
the  males  were  crimped  and  sent  to  the  Severn  district  as  clean  run  fish,  while  the  females  were 
dispatched  there  as  they  were.  Pennant  recorded  the  Welsh  names  as  r/iC)/H-iV((?,  "white-pate," 
and  (jleis-iad,  "  blue-pate." 

t  Pennant  gave  the  Welsh  names  as  follows : — Gray  salmon,  Penllwyd  and  Adfwlcli ;  sea 
trout,  Brithyll-y-mor ;  trout,  Britlujll;  white  trout,  Brithyll  yvyn.  Captain  Benyon,  18G0, 
observed  Buil-trout  termed  Brochyn,  is  a  very  inferior  fish  and  spotted;  sewin  is  called  Gii-/« ('at/, 
is  a  very  superior  one,  and  without  spots. 

X  Mr.  Kerr  sent  from  Tan-y-Bwlch  in  Merionethshire,  October  7th,  1885,  a  sewin  14  inches 
long,  length  in  inches  of  head  4-5,  of  eye  0-55,  of  snout  1-5,  eyes  apart  1-4,  pectoral  fin  2-5,  de^jth 
of  free  portion  of  the  tail  1-5,  cleft  of  tail  0-6.  A  male  having  a  small  hook  on  the  lower  jaw. 
Dorsal  fin  spotted,  vertebra)  .58  -f-  x,  flesh  red.  Mr.  Kerr  observed,  "  I  send  you  a  specimen  of  the 
fish  we  get  in  this  river ;  it  is  a  fair  specimen  of  what  they  call  here  sewin,  which  I  take  to  be  the 
Scotch  sea  trout.  I  have  caught  lots  of  fish  iDrecisely  like  this  one  in  the  rivers  flowing  into 
St.  Andrew's  Bay,  and  from  there  down  to  the  English  border,  and  we  always  imagined  (though 
it  may  be  wrongly)  that  they  were  all  sea  trout.  There  is  a  fish  that  I  have  caught  in  the  Tweed 
and  Teviot  also  very  similar  to  this  one,  and  called  there  the  hull  trout ;  here  they  give  that  name 
to  yellow  trout  that  have  gone  down  to  the  sea  water,  but  the  fish  I  refer  to,  which  I  have  so 
frequently  caught,  but  only  in  Tweed  and  Teviot,  is  a  true  migratory  species,  and  one  which  has 
often  puzzled  me.  I  have  caught  a  good  many  sewin  in  this  river  this  summer,  and  it  has  struck 
me  that  most  of  them  were  much  more  like,  both  in  appearance  and  when  on  the  table,  these  so- 
called  '  bull  trout '  of  the  border  than  the  ordinary  type  of  Scotch  sea  trout  that  I  have  caught 
in  the  highlands  and  elsewhere." 

§  In  a  female  sewin  6-8  inches  long  the  length  of  the  head  was  4^,  of  the  pectoral  fin  6|,  height 
of  body  4|  in  the  total  length.  Eyes — diameter  ^  of  length  of  head,  1^  diameters  from  the  end 
of  the  snout  and  also  apart.  The  vomerine  teeth  are  shown  in  figure  35,  no.  1.  In  another 
female  sewin  15-1  inches  long,  the  length  of  the  head  was  6,  of  the  pectoral  fin  nearly  9,  height  of 
body  5i  in  the  total  length.  Eyes — diameter  54  in  the  length  of  the  head,  1^  diameters  from  the 
end  of  the  snout,  and  1^  apart.     The  vomerine  teeth  are  shown  in  figure  35,  no.  2. 
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teeth  alternately  directed  to  the  right  and  to  the  left,  and  subsequently  thoy 
drop  out,  commencing  from  behind.  I3nt  the  age  when  tliis  occurs  varies, 
as  will  be  soon  in  ligure  35,  where  a  scwiu  15-1  inches  long  still  possessed  four 


along  the  body  of  the 
vomer,  while  it  is  by 
no  means  infrequent  for 
examples  of  similar  size  to 
retain  even  more.  Occa- 
sionally two  or  three 
remain  across  the  hind 
margin  of  the  head  of  the 
vomer  in  examples  from 
ten  to  fifteen  inches  in 
length.  The  teeth  in  the 
jaws    and     palatines    are 


It  has  been  stated  that 
examples  of  this  fisli,  re- 
tained some  considerable 
time  in  a  fresh- water  pond, 
had  their  pectorals  more 
pointed  and  longer  than 
is  usual  in  their  sea- 
going relatives.  The  anal 
fin,  similar  to  that  found 
in  the  moi^e  northern 
race  of  sea  trout,  may 
have    a   variation   in   the 


Fig.  36. 

1.  Anal  fin  of  sewln  with  12  rays. 

2.  Anal  fin  of  sewin  with  10  rays. 


Fig.  35. 
Teotli   on   vomer   of    sewin 
G-8  inclies  long  : 
similar   to   those    seen    in   2.  From  seiuj/t  15-1  inches  long,    number  of  its  rays,  which 
the  salmon-trout.    Fins —  consist    of     two    descrip- 

tions. Anteriorly  they  are  single  and  undivided,  and  three  or  sometimes  four 
in  number.  The  pos- 
terior rays  are  divi- 
ded, the  last  nearly 
as  low  as  its  base ; 
of  these  from  seven 
to  nine  may  be 
present :  the  two 
shown  in  fig.  36 
are  from  Welsh  ex- 
amples. As  regards 
the  form  of  the  cau- 
dal fin,*  figure  37 
shows  outline  trac- 
ings from  seven 
specimens  of  Truff, 
"White  -  fish  and 
Welsh  sewin,  show- 
ing how  exceedingly 
variable  the  depth 
of  the  cleft  may  be,  at 
least  in  fishes  up  to 
15  inches  in  length. 
Had  the  extent  of  the 
cleft  in  the  northern 
form  been  invariably 
at  about  what  is 
shown  in  nos.  4,  6, 
and  8  in  figure  30 
(see  page  156)  one 
would  be  tempted  to 
believe  that  a  spe- 
cific difference  might 
be  seen  in  the 
amount  of  excision 
in  this  fin.  But  ex- 
tending our  inquiries 


Fig.  37. 
Tail  fins  of  female  sea  trout.     1.  Sewin,  6-8  in.  long,  Tivy. 
2.  T™/,  8-2  in.,  Dart.  3.  Tf7(/ft'-^s/(,  12-4  in.,  Teign.  4.  Sewin, 
12-0  in.,  Towy.     5.  Sewin,  13-3  in.,  Dysinni.     6.  White-fish, 
13  in.,   Teign.     7.  Sewin,  lo'l  in.  Towy. 


*  Yarrell  observed  that  in  old  examples  the  tail  became  convex  and  gave  a  figure  of  such  a 
fish,  which  he  termed  a  "Round  tail,"  also  a  "  Sewin  "  taken  from  a  male  siiecimen  32  inches  in 
length.  GH;i?/i<'j- asserted  that  the  caudal  fin  is  "forked  in  specimens G  inches  long  .  .  .  it  shows 
only  a  slight  emargination  in  specimens  in  the  grilse  stage,  and  is  perfectly  truncate  in  adult 
examples,  but  never  rounded"  (Catal.  vi,  p.  35). 

11  * 
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demonstrates  ttat  similar  variations  are  perceived  in  the  northern  race,  as  no.  7  in 
the  same  figure,  where  the  cleft  of  this  fin  from  a  Sutherland  shire  example  (from 
the  Oykell),  is  as  great  as  in  any  southern  specimen  of  sewin.  Although  it 
has  been  asserted  that  in  Wales  the  dilSerence  in  the  tails  of  the  sewin  and 
salmon,  is  that  in  the  former  it  is  not  forked,  whereas  in  the  salmon  it  is ;  I  must 
confess  to  having  generally  foiand  the  caudal  fins  forked  in  these  fish,  especially 
among  the  females  (see  fig.  37).  Ccecal  ajipendages — these  vary  in  number,  and 
in  those  fish  jDersonally  obtained  from  Wales  or  along  the  south  coast  of  England, 
they  have  averaged  from  39  to  42  ;  in  the  example  whose  head  is  figured  (no,  34, 
p.  IGO),  they  were  40).*  Colours — silvery,  those  from  the  sea  generally  with  black 
X  -  shaped  spots,  the  fish,  however,  becomes  of  a  darker  tinge  and  more  spotted 
when  in  rivers. f  Welsh  examples  are  often  more  spotted  than  those  taken  from 
Devonshire  and  Cornwall.  The  colour  of  the  dead  fin  varies ;  in  most  I  have 
examined,  it  has  had  one  or  two  black  spots,  or  a  dark  upper  edge,  and  just 
tinged  with  orange  around  its  posterior  margin,  but  a  Tivy  fishij:  6"8  inches  long, 
sent  me  in  March,  1886,  by  Mr.  Bowen,  had  the  last  third  of  this  fin  of  a 
beautiful  vermilion.     But  in  that  stream,  trout  are,  as  a  rule,  vividly  marked. 

Habits. — In  the  Usk  they  are  early,  and  the  largest  ascend  about  June,  but 
later  on,  as  in  the  autumn,  a  number  of  small  sewin  are  seen;  on  April  29th,  1873, 
one  of  I  lb.  was  recorded  as  of  unusual  early  occurrence  in  this  river,  while  they 
have  much  increased  in  numbers  during  the  last  twenty-five  years.  The  earliest 
date  these  fish  have  been  stated  to  have  been  seen  spawning  in  the  Usk,  was 
September  27th,  1873.  The  sewin  is  occasionally  found  ascending  higher  up  streams 
than  the  salmon,  but  in  rare  instances,  young  salmon-par  have  been  observed  passing 
up  rivers  above  where  any  of  their  parents  have  been  remarked  making  redds. 
I  have  personally  obtained  sewin  along  the  south  coast  from  Exmouth  to  Penzance, 
all  of  which  have  been  females,  and  which  agreed  in  every  respect  with  others 
that  I  have  taken  from  rivers  flowing  into  Cardigan  Bay.  The  same  has  been 
recorded,  not  only  from  various  portions  of  the  British  Isles§  and  Ireland,  but 
likewise  off  the  Scandinavian  Peninsula.  Mr.  Douglas  Ogilby,  writing  from 
Ireland,  says  "the  variety  8.  camhricus  is  alone  found  in  our  northern  rivers,  and 
of  this,  we  have  a  long-headed  and  a  short-headed  form  ;  a  difference,  however, 
which  will  be  found  on  dissection  to  be  greatly  attributable  to  sex,  the  short- 
headed  being,  as  a  rule,  females." 


2  z. 

1  Sphffirium  corneum.    2  Physa. 


*  In  the  British  Museum  Catalogue  vi,  this  form  is  defined  as  possessing  "  Case,  pylor.  39-47, 
rarely  more,"  while  the  following  number  of  appendages  are  asserted  to  be  present  in  specimens  in 
the  collection.  From  examples  along  our  south  and  west  coasts,  5  males  gave  34,  3.5,  39,  43,  47 ; 
3  females  38,  45,  47  ;  and  11,  of  which  the  sex  is  not  recorded,  33,  37,  38,  41,  41,  42,  42,  43,  43, 
48,  52  ;  and  1  Irish  male  example  46,  showing  variations  from  83  to  52.  Mr.  Willis  Bund,  Salmon 
Problems,  p.  181,  remarked  on  an  example  49  inches  long  from  the  Usk,  which  had  48  ca-cal 
ajipendages. 

J  In  the  Report  of  the  Commissioners  in  18G0,  the  sewin  was  said  by  one  ^^'itness  to  be  destitute 
of  spots,  but  the  bull  trout  to  be  spotted. 

\  "  In  this  neighbourhood  the  brook  trout  are  rather  vividly  coloured.  Eapid  streams  and 
rocky  beds  are  the  general  rule  in  our  brooks,  which  is  against  size,  but  the  fish  are  beautifully 
marked  and  of  excellent  flavour  *  *  the  season  for  the  sewin  is  from  June  to  July." 

§  Dr.  Giinther  does  not  include  it  among  Scotch  fishes,  but  two  examples  presented  to  the 
National  collection  by  Mr.  Godman,  and  obtained  from  the  River  Elkey,  in  Koss-shire,  are  labelled 
as  Salmo  camhricus. 


SEA  TROUT— PEAL    AND  WIllTE-FLSll. 
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Fig.  38.     Head  of  female  Peal,  12^  inches  long. 

Under  tlic  designation  of  Peal,  two  distinct  species  of  salmunoid  fishes  along 
our  south  coast  are  recognized,  for  occasionally  the  grilse  stage  of  the  salmon  is  so 
designated,  but  more  frequently  the  same  stage,*  or  even  larger  examples  ot 
the  sea  trout.  Sir  W.  Jardine  considered  small  ones  as  identical  with  the 
hirling  of  Scotland  and  the  phinoc  of  the  Eden  and  the  Esk,  and  m  this  iclentiti- 
cation  he  was  doubtless  correct.  In  the  British  Channel,  they  are  occasionally 
taken  near  the  surface  during  April  and  May  in  the  drift  mackeral  nets,  ns  the 
season  advances  they  come  nearer  inshore,  and  the  smaller  ones  ascend  our  southern 
rivers  during  the  first  June  floods,  where  they  abound  during  the  two  succeeding 
months.  While  from  February  until  June  the  white  troutf  rarely  exceec  ing  six 
inches  in  length,  is  often  found  in  company  with  the  river  trout.  A  peal  or  sea 
trout,  on  its  arrival  in  the  Teign  or  Dart,  has  been  observed  to  soon  have  its 
colours  assimilated  to  those  of  the  pool  or  stream  in  which  it  takes  up  its  abode, 
while  its  form  is  exactly  similar  to  that  of  the  Welsh  sewin. 


Fig.  39.    Head,  natural  size,  of  female  White-fish, 
12-4  inches  long  from  the  Teign. 

The  White-fish  of  Devonshire  streams  as  the  Dart  and  Teign  are  generally 
looked  on  as  a  stage  of  the  Truff,  some  considering  the  latter  the  more  adult  form 

*  It  has  usually  been  held  to  occupy  dimensions  in  size  and  weight  intermediate  between 
smolt  and  grilse,  or  the  size  of  the  latter,  while  in  rivers  where  salmon  are  numerous  peal  are 
mostly  scarce,  but  should  the  stock  of  salmon  become  reduced,  peal  generally  soon  mcrease  m 
numbers.  J.  D.  B.,  Field,  January  24th,  1885,  observed,  that  "a  young  3  lb.  salmon  would  be 
a  longer  fish  than  a  4  lb.  peal,  the  scale  of  the  salmon  three  times  larger,  and  the  tail  very  mucti 
forked,  while  the  tail  of  the  peal  would  be  almost  straight  across."  _ 

+  "  The  Erme  abounds  in  white-fish,  peal,  and  truff,  all  makmg  their  appearance  about  the 
time  stated  by  '  Old  Log,'  and  the  relative  size  of  these  fish  being  the  same  as  he  states,  but  on 
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■wliereas  others  appear  to  ignore  size,  holding  the  Truff  to  "be  a  young  sea  trout. 
The  average  weight  of  white-iish  are  said  by  some  authorities  to  be  from  half  to 
three  quarters  of  a  pound.  In  two  examples  12-4  and  13  inches  respectively 
in  length  from  the  Teign,  the  gill-covers  and  form  of  the  head  resemble  what 
has  been  described  in  the  TrufE  of  the  Dart,  and  likewise  agree  with  small 
specimens  of  the  Welsh  sewin.  Teeth— in  the  smaller  example  eleven  are  present 
along  the  body  of  the  vomer  and  five  along  the  hind  margin  of  the  head  of  that 
bone.  In  the  example  13  inches  long,  there  are  four  teeth  along  the  body  of  the 
vomer,  and  three  on  the  hind  niai'gin  of  its  head.  One  had  36,  the  other  37 
ca3cal  appendages.  Coloiirs — the  largest  had  much  fewer  spots  on  the  body  and 
fins  than  the  Dart  Truif. 

Some  have  considered  it  very  improbable  that  the  Welsh  sewin,  so  excellent  as 
food,  could  be  identical  with  the  white-fleshed  and  insipid*  Teign  or  Dart  fish, 
but  alterations  as  considerable  in  the  value  of  the  flesh  of  the  northern  whitling 
and  other  local  races  of  sea  trout  have  been  observed.  While  we  find  as  great 
variations  in  our  brook  trout,  in  accordance  with  the  character  of  the  waters  they 
inhabit  and  the  amount  or  quality  of  food  they  are  able  to  obtain.  But,  differing 
as  these  races  do  among  themselves,  whether  in  size,  colour,  or  even  in  some 
structural  points,  the  offspring,  if  placed  in  suitable  surroundings,  may  improve, 
while,  on  the  other  hand,  the  finest  breeds  will  deteriorate  in  unsuitable  places. 
Should,  however,  any  temi^orary  cause,  as  mine-water  in  Devonshire  I'ivers,  (see 
pp.  55  ante,)  have  injured  the  local  race  of  fish,  and  this  cause  has  been  removed, 
it  perhaps  becomes  worthy  of  consideration  whether  it  might  not  be  advisable  to 
obtain  the  progeny  of  a  finer  breed  from  elscwhei'c  and  introduce  them  into  the 
water,  instead  of  waiting  for  the  improvement  of  the  local  deteiiorated  form. 


Fig.  40.     Head,  natural  size,  of  female  Truf, 
8-2  iuclies  long,  from  the  Dart. 


the  Erme,  salmpn  are  never  seen  above  the  tidal  water,  and  very  few  even  there.  If  the  above 
fish  were  young  salmon,  why  should  they  never  appear  as  full-grown  salmon  in  the  upper  parts 
of  the  river?  On  the  Avon,  on  the  other  hand,  where  salmon  have  very  much  increased  for  the 
last  fifteen  or  twenty  years,  the  peal  and  truff  are  much  fewer  in  number,  and  the  white-fish  of 
the  same  kind  as  those  in  the  Erme  are  now  seldom  seen,  although  the  river  is  at  all  times 
swarming  with  the  samlets,  which  are  the  unmistakable  salmon  fry.  I  have  not  the  smallest 
doubt  that  the  white-fish,  peal,  and  truff  of  the  river  Erme  are  all  the  same  fish  in  different 
stages  of  growth  "  (G.  C.  G.,  Field,  February  14th,  1885).  Couch  considered  the  white-fish  to  be 
the  early  growth  of  the  peal,  and  believed  the  Welsh  sewin  and  the  blue  poll  ^S*.  albus  to  be 
distinct  and  separate  species.  "  Old  Log,"  Field,  February  14th,  1885,  observed,  that  "  curiously 
enough,  I  find  that  the  old  monks,  some  five  hundred  years  ago,  knew  the  difference  between  peal 
and  salmon  in  the  Dart,  and  in  oflScial  records  specify  them  both  by  their  Latin  names — thus  : 
'  salmones,  trutes,  peles,  et  alii  pisces.'  " 

*  Wear  Gifford,  Field,  March  27th,  1886,  remarked  that  "  if  the  best  specimens  are  selected 
and  cooked  with  care,  they  will  not  disappoint  those  who  have  acquired  a  taste  for  eating  bread 
poultices." 
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The  sonllicrn  race  of  sea  trout  are  tcrinccl  truff's*  or  innujh's  in  JJcvonsliire 
streams,  and  also  in  others  alon^^  the  soutli  coast  as  the  Fowey  in  Cornwall.  :Mr. 
Pike,  Secretary  of  the  Dart  Fishery  Board,  observed  that  these  lish  however  appear 
only 'to  be  known  as  truff  in  Devonshire,  when  they  are  youuK  i"  the  sprnig  of  the 
year,  but  that  he  had  seen  them  in  the  Dart  as  large  as  12  lb.  They  commence 
being  taken  as  soon  as  the  lishing  begins  on  March  1st,  and  keep  on  until  the  end 
of  May  after  which  very  few  are  killed.  Also  in  March  the  wlnte-ph  is  captured, 
which  he  considered  the  young  of  the  truff.  A  female  8-2  inches  long  from  the 
Dart,  received  from  Col.  Tickell  in  April,  188G,  had  the  form  of  the  head  as  shown 
in  fig.  40,  it  had  1 10  rows  of  scales  along  the  body,  14  in  an  oblique  line  from  the 
adipose  dorsal  downwards  and  forwards  to  the  lateral-line,  30  crecal  appendages  : 
a  double  row  of  teeth  in  a  zig-zag  line  along  the  body  of  the  vomer  and  the  caudal 
fin  somewhat  forked  {see  fig.  37,  no.  2).  CoZo«rs— silvery,  darkest  along  the  back, 
Avith  somewhat  large  round  or  X -shaped  spots  of  a  black  or  purplish  colour  oii  the 
upper  half  of  the  body,  and  a  few  below  the  lateral-line,  descending  lowest  anteriorly. 
Along  the  lateral-line  seven  spots,  some  of  which  were  more  or  less  red.  Upper 
surfat-e  of  the  head  spotted  with  black,  and  four  spots  on  the  opercle  and  two  on 
the  preopercle.  The  dorsal  fin  with  numerous  black  spots  and  a  few  red  ones,  as 
w^ell  as  a  narrow  white  front  edge.  Adipose  dorsal  lin  yellow,  with  the  upper 
half  orange;  pectoral  gray,  lightest  along  its  lower  rays;  ventral  with  the  first 
few  outer  rays  stained  gray  ;  anal  yellowish-gray,  its  front  edge  white,  behind 
which  it  had  a  gray  tinge  :  caudal,  pinkish-yellow.     {See  Field,  March  4th,  1880.) 

*  ra)Te?i observed  that  the  salmon-trout  SaJmo  trutta  "is  the  Truff  of  Devonshire,  and  White 
Trout  of  Wales  and  Ireland :  it  is  found  in  the  Severn,  in  the  rivers  of  Cornwall,  and  plentifully 
in  the  Esk,  the  Eden,  the  Annan  and  Nith,  rivers  falling  into  the  Solway,  where  it  is  called  sea 
trout,  9,nd  in  its  grilse  stage  Hirling  "  (vol.  i,  page  251).  -^       ^    ,      •,•     i 

"  Old  Lo'^"  Field,  November  2<)th,  188G,  remarked  that  Sahno  triitta,  or  the  sea  trout,  famiharly 
known  under'its  local  name  of  the  truff,  thrives  well  and  breeds  abundantly  in  the  Devon  and  Cornish 
rivers  He  is  a  glorious  fish  for  sport,  and  no  matter  what  his  size  may  be,  as  soon  as  ever  he  is 
hooked  he  springs  out  of  the  water,  and  fights  pluckily,  contesting  every  inch  of  water  before  he 
can  be  brought  to  the  landing  net.  The  young  fish,  one  or  two  years  old,  from  G  oz.  to  ;|  lb.,  are 
most  abundant  in  March,  when  perhaps  they  are  dropping  down  stream  to  the  sea  ;  but  from  April 
onwards  they  are  caught  with  salmon  in  the  nets  on  their  way  upwards  from  the  estuaries,  and 
throu<-hout  the  summer  they  may  be  taken  with  a  fly  in  the  rivers  up  to  2  lb.  or  3  lb.  weight ;  and 
especfally  on  a  summer  evening  they  may  be  seen  rising  freely  and  affording  some  exciting  sport 
after  sunset,  together  with  the  peal,  with  which  fish  they  are  often,  rightly  or  wrongly,  associated. 
I  have  frequently  seen  them  taken  in  the  nets  up  to  3  lb.,  or  even  over  that  weight ;  but  the  netsmen 
never  confuse  them  with  the  salmon  grilse,  and  will  also  distinguish  them  from  the  peal,  though 
the  size  of  a  small  grilse  may  be  less  than  that  of  one  of  the  largest  of  the  truff,  and  the  sizes  of  peal 
and  truif  are  not  widely  divided.  ,,      ,    ,  .      m,    .     ^  i  f     i-i 

While  salmon,  some  still  unspawned,  were  netted  on  March  1st.  The  truff,  however,  of  which 
two  or  three  dozen  were  taken  during  the  first  week,  in  the  weir  in  the  Dart,  which  divides  the  tidal 
estuary  from  the  fresh  water,  were  all  in  splendid  condition,  and  of  good  size.  Now,  this  would 
seem  to  indicate  that  the  truff  must  spawn  earher,  or  mend  in  condition  and  get  out  to  sea  after 
their  spawning  is  over  much  more  speedily  than  the  salmon,  and  thus  anticipate  the  general  run 
of  salmon  in  returning  to  the  river ;  or  it  may  be  the  more  reasonable  inference  Ibat  these  fish 
do  not  make  their  first  migration  until  they  have  sojourned  for  at  least  one,  and  generally  for  two 
years  in  the  river,  and  then  are  ready  to  return  at  the  end  of  the  winter.  There  is  no  doubt,  at 
any  rate,  that  these  white-fish,  as  they  are  called,  or  young  truff,  are  particularly  abundant  in  the 
early  sprint,  when  they  are  probably  moving  down  stream  on  their  way  to  the  sea.  Later  in  the 
season  the  nets  in  the  weir  pool,  and  the  ladder  in  the  weir,  still  continue  to  record  the  fashionable 
arrivals  and  departures  of  the  river.  They  mark  the  exodus  of  the  last  of  the  kelts,  the  uncertain 
return  of  the  grilse,  and  the  regular  arrival  of  the  peal  with  the  first  floods  in  June.  During  the 
summer  the  salmon  come  up  in  gradually  increasing  numbers,  and  mingling  with  them  are  the  full- 


The  question  of  the  peal,  as  a  distinct  species  of  the  extensive  family  of  balmonidtr,  must  be 
approached  with  more  caution  and  considerable  diffidence.  I  am  very  strongly  impressed  with 
the  opinion  that  they  are  a  distinct  fish  for  the  following  reasons,  which  appear  to  me  almost 
conclusive.  In  the  first  place,  the  peal  appears  to  be  different  in  its  shape  from  the  truff  or  sea 
trout,  being  deeper  and  shorter  in  the  body,  so  that  a  peal  of  2  lb.,  which  is  about  the  largest  size 
attained  by  only  a  few  exceptional  veterans,  would  be  quite  two  inches  shorter  than  a  trutf  of  the 
same  weight,  which  is  by  no  means  an  unusually  large  specimen  of  the  latter  species.  The  peal,  m 
fact,  partakes  very  much  of  the  character  and  shape  of  the  scwin  ;  and  in  ^\elsh  rivers,  notably  m 
the  Dovey,  sewin  and  sea  trout  may  bo  caught  side  by  side,  and  the  two  breeds  are  easily  distin- 
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The  Britisli  and  Irish  sea  trout  may  now  be  referred  to  as  a  whole,  with  the 
proviso  that  it  is  generally  held  that  the  northern  form  is  commonly  recognized  as 
salmon-tront,  Sahno  trutta,  and  the  southern  or  sewin  as  Sahno  eriox,  now  better 
known  as  ,S'.  camhrictis.  These  varieties  have  been  separated  owing  to  certain 
supposed  structural  differences,  sucli  as  the  form  of  th.e  gill-covers,  the  strength 
of  the  jaws,  the  number  of  teeth  on  the  vomer,  and  the  character  of  the  tail  fin  ; 
while  the  northern  form  has  been  said  to  possess  from  forty-nine  to  sixty-one 
ca?cal  a^ppendages — rarely  less — and  the  southern  from  thirty-nine  to  forty-seven. 
It  will,  therefore,  be  necessary  in  this  examination  first  to  inquire  Avhether  these 
statements  are  correct ;  and  secondly,  if  they  are,  do  these  different  races  pass 
one  into  the  other  ? 

The  shape  of  the  body  in  the  two  forms,  is  admitted  to  be  similar,  but  the 
proportions  of  one  part  to  the  remainder  difi'er  in  accordance  witli  age,  season,  and 
locality.  In  the  yotmg,  the  length  of  the  head  is  to  that  of  the  entire  length  some- 
times as  little  as  -^,  as  seen  in  some  whitlings  or  berlings  in  tlie  Ouse,  and  on  the 
east  coast  of  Scotland,  and  similar  examples  occasionally  are  found  along  the 
south  and  west  coasts.  As  the  adult  stage  is  reached,  this  preternaturally  shortness 
of  the  head  is  usually  but  not  invariably  lost,  and  along  with  it  there  is,  as  might  be 

guishcd.  Again,  it  will  be  fouud  that  the  peal  are  most  regular  in  their  periodical  immigrations, 
which  are  quite  distinct  from  the  sea  trout.  As  sure  as  ever  a  flood  comes  down  the  southern 
rivers  in  June,  the  first  of  the  fcul  are  regularly  expected,  and  they  never  fail  to  put  in  an  appear- 
ance and  to  furnish  a  fresh  and  very  exciting  sport.  They  take  a  spinning  minnow  perhaps  more 
freely  than  the  lly  at  first,  but  a  cunning  fly-fisher  may  get  his  fair  share  of  them.  Their  very  track 
along  the  coast  line  of  the  sea  is  as  well  known  as  the  period  of  their  arrival,  and  fixed  nets  arc 
run  out  at  right  angles  to  the  shore,  and  to  a  distance  of  not  more  than  a  hundred  yards  in  many 
places,  into  which  the  peal  will  run  their  stupid  heads  as  they  travel  along  during  the  summer 
nights,  but  never  a  sea  trout  is  found  among  them,  though  red  and  grey  mullet  arc  occasionally 
caught.  Hundreds  of  summer  visitors,  during  June  and  July,  visit  Anstey'sCove  in  the  bay  that 
shelters  Torquay,  and  many  have  found,  if  they  are  in  luck,  that  an  unexpected  dish  of  peal  just 
fresh  from  the  sea,  is  ready  to  be  added  to  their  picnic  meal.  Then  will  come  the  old  discussion 
when  the  fish  is  produced,  as  to  what  sort  of  a  salmon  is  this.  The  delighted  cockney  will  have 
no  hesitation  in  accepting  it  as  a  young  salmon,  and  just  the  right  size  to  suit  the  occasion  ;  a 
patriotic  Welshman  may  imagine  that  his  own  familiar  sewin  has  lost  its  way  in  the  ocean,  and 
wandered  away  to  the  southern  coast ;  while  cosmopolitan  anglers  who  have  enjoyed  their  sport  with 
the  sea  trout  will  acknowledge  the  family  likeness,  and  yet  perhaps  perceive  some  difference  in  shape 
and  structure,  and  begin  to  fancy  that  the  peal  is  a  distinct  species  in  the  great  family  of  the 
SalmonidcT. 

On  December  1st,  "  A  South  Devon  Conservator  "  replied  in  The  Field,  that  "  near  Plymouth 
we  reverse  his  truff  and  peal  theory,  calling  the  early,  thicker  fish,  from  2  lb.  to  G  lb.,  '  truii','  and 
the  later  and  smaller  fish  'peal.'  We  also  find  in  the  Ycalm  river  neither  take  the  fly  as  a  rule,  and, 
I  think  not  in  the  Plym,  except  at  night,  though  they  do  in  the  Tavy  freely.  In  the  Yealm  the 
larger,  thicker  fish  we  call '  truff  '  do  not  jump  on  being  hooked  ,they  fight  hard  under  water  ;  the 
4  lb.  to  2  lb.  '  ijeal '  (as  we  call  them)  jump  vigorously.  Fish  vary  in  every  Devon  river  apparently. 
There  is  in  the  Yealm,  in  spring,  a  fish  larger  than  the  salmon  fry  ('  white-fish,'  locally  called),  which 
does  take  a  fly."  "  Noss  Mayo  "  concluded  the  correspondence  by  observing  that  "  the  Fowey  and 
Camel,  in  Cornwall,  may  be  taken  as  equally  representative  salmon  streams  with  the  Dart,  although 
their  sources  are  not  in  the  Dartmoor  watershed.  In  these  two  rivers  truff' are  occasionally,  but  not 
frequently,  met  with,  the  principal  branch  of  the  Salmonida;  next  to  the  salar  being  the  jjc«Z,  which 
is  generally  acknowledged  in  the  district  to  be  i^urely  and  simply  the  Sahno  trutta.  There  seems 
to  he  a  settled  conviction  in  the  minds  of  some  writers  that  peal  rarely,  if  ever,  weigh  more  than  2  lb. 
What  gave  rise  to  such  an  idea  it  is  difficult  to  state,  except  that  probably  observations  of  the 
river  were  made  when  the  later  or  '  school '  peal  were  running.  Peal  are  caught  weighing  con- 
siderably over  6  lb.  In  Tlie  Field  of  October  9th,  is  reported  the  capture  of  one  weighing  Tj  lb., 
and  the  man  who  took  it  is  a  professional  fisherman  of  fifty  years'  experience.  These  larger  fish 
are  not  truj',  and  there  is  no  discernible  difference  between  them  and  peal  of  1  lb.,  except  in 
size.  Does  not  '  A  South  Devon  Conservator '  make  the  common  mistake  of  calling  these  first- 
arriving  and  larger  jieal  '  truff '  ?  The  '  ichitc-Jish  '  of  the  Yealm,  mentioned  by  the  same  corre- 
spondent last  week,  I  have  found  by  comparison  to  be  similar  to  the  fish  in  Cornish  rivers,  which 
are,  in  my  opinion,  more  correctly  termed  ^ peal  ajuncn.'  These  fish  localize  themselves  in  the 
fresh  water  for  a  longer  period  than  the  fry  of  the  salmon,  which  generally  drop  down  to  the 
sea  in  the  spring.  Moreover,  the  so-called  '  xohitc-fisli '  never  occur  in  a  river  where  there  are 
no  j;t'ai." 
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anticipated,  mostly  a  very  short  lower  limb  to  the  preopcrclc.     The  p^eneral  length 
in  the  female  young  is   about  -}  of  the   total  length,  but  in  males  it  may  be, 
but  rarely  is,  even  ^.     When  the  lish  attains  12  or  i'l  inehes  in  length,  the  head 
of  the  male  is  generally  about  il  in  that  of  the  entire  Icngtli  of  the  lish,  and  of 
the  female  h     In  adults  and  bre'eding  fish,  consequent  upon  prominence  of  the 
abdomen,  the  body  is  deeper  than  at  other  periods  of  the  year,  or  among  spent 
fish.     i??/e5— situated  as  already  described,  their  diameter  varying  with  the  ago 
and  sex  of  the  specimen.    Interorbital  space  convex.     During  the  breeding  season, 
a  knob  shows  itself  at  the  upper  end  of  the  lower  jaw,  diminishing  in  size  subse- 
quent to  this  period.     The  posterior  extremity  of  the  maxilla,  reaches  to  below 
the  middle  of  the  eye  in  the  par  of  this  form,  and  beyond  its  hind  margin  in  the 
adults.     It  has  been  asserted   that  the  strength  of  the  maxillary  and  mandible* 
is  much  greater  in  the  sewin  Salmo  camhriciis,  than  in  the  salmon-trout  S.  trutta, 
a  conclusion  not  borne  out  Avhen  a  large  number  of  specimens  are  examined.    The 
form  of   the  gill-covers  has  been  already  referred  to,  but  it  must  be  noticed  in 
these  bones  having  a  squamous  articulation  together,  that  the  lower  end  of  the 
opercle    more  or  less  overlaps  the    upper    portion  of    the    subopercle,  and  this 
may  interfere  with  the  measurements. f     In   some    examples,   the   posterior   ov 
vertical  limb  of  the  preopercle  is  sinuous,  in  others,  more  or  less  rounded  :_  Avhile 
the  lower  limb  of  this  bone  may  be  short,  +  of  moderate  extent  and  even  sinuous. 
The  posterior  margin  of  the  opercle  and  subopercle  form  a  semicircle,  of  Avhich 
the  lower  bone  generally,  but  not  invariably,  forms  the  most  prominent  portion. 
Several  raised  and  curved  lines  are  mostly  present  near  the  outer  part  of  the 
opercle   and   subopercle,   but  which  are  more   visible   in   dried   than   in  fresh 
specimens.     Teeth — in  both  races  of  sea  trout  there  exist  teeth  across  the  hind 
margin  of  the  head  of  the  vomer,  and  also  in  a  double  line  along  the  shaft  of  that 
bono  ;  these  teeth  are  lost  with  age,  commencing  on  the  shaft  from  behind,  but 
gradually  extending  forwards.     While  it  seems   to  be  a  general  rule  that  the 
sewin  loses  them  more  rapidly  than  the   salmon-trout.     But  there  are  so  many 
variations  in  this  among  the  sea  trout,   that  no  criterion  as   to  species  can  be 
deduced  from  the  number  or  position  of  the  vomerine  teeth,     i^ins— speakmg 
generally,  the  fins  in  the  two  races  of  sea  trout  appear  to  be  somewhat  of  similar 
length,  except  the  caudal,  which  in  sewin  up  to  about  15  inches  in  length,  are 
mostly  longer,  and  more  deeply  cleft  than  in  the  salmon-trout.     The  pectoral§ 
in  young  fish  is  occasionally  shorter  than  in  adults,  being  from  8  to  9  in  the  total 
length,  whereas  in  specimens  over  14  or  15  inches  long,  it  is  usually  from  7|  to  8 
in  the  same  distance,  while  it  becomes  more  rounded  with  age.     The  length  of 
the  rays  of  the  dorsal  and  anal  fins  varies  considerably  among  these  fishes,  for 
although  they  are  mostly  comparatively  longest  in  the  immature,  this  is  not 
invariably  the  rule.     It  has  been  asserted  that  the  distance  from  the  front  edge  of 

*  Dr.  Giinther  suggested  that  when  a  doubt  arises  respecting  a  specimen,  "only  an 
examination  of  the  internal  parts  of  the  maxillary  and  mandible  can  decide  to  what  species  such 
individuals  ought  to  be  referred,  these  bones  being  much  stronger  and  more  solid  m  ,S'.  camhncus 
than  in  S.  trutta.''^  ,i    ,  .i 

t  Some  authors  consider  the  form  of  the  gill-covers  to  be  affected  by  sex,  others  that  the 
modifications  which  are  seen  are  of  no  specific  value  whatever.  ,1.11. 

I  Dr.  Giinther,  when  re-naming  the  Salmo  alius,  also  known  as  S.  phinoc,  Turton  (which  had 
been  long  recognized  as  the  grilse  stage  of  the  S.  trutta),  S.  hrachypoma,  Giinther  took  as  his 
seven  examples  four  skins  from  Parnell's  collection,  one  of  which  had  been  figured  on  plate_32, 
fig.  3,  as  a  h^ai  trout,  three  were  marked  S.fario,  and  one  S.  eriox ;  one  from  Yarrell's  collection, 
and  two  specimens  from  the  Ouse.  The  length  of  the  head  was  given  as  4|  in  that  of  the  total 
excluding  the  caudal  fin,  and  4  times  in  the  males,  but  no  mention  was  made  if  the  specimen 
measured  was  merely  a  dried  skin.  He  gave  the  measurements  of  5  sea  trout,  as  follows :  S.  trutta, 
male,  18^  inches  long,  head  A\  in  the  total  excluding  the  caudal  fin.  S.  cambricus,^  male, 
Rhymucy,  2-4  inches  long,  male,  head  4i  ;  a  female  22^  inches,  head  nearly  4 ;  a  male,  14  inches, 
head  4^  ;  a  male,  6J  inches,  head  4J. 

§  The  following  give  the  results  of  some  of  the  measurements  made :  salmon-trout,  male, 
20  inches  long,  pectoral  7^  in  the  total  length,  at  16-6  in.  long  7^  at  16-6  in.  long  8,  at  14-8 
in  long  8,  at  12-3  in.  long  71.  Sewin,  at  15  in.  long  Qf,  at  13-3  in.  long  8,  at  13  in.  long  9. 
Salmon-trout,  at  12-3  in.  long  7f .  Seicin,  at  12-5  in.  long  9,  at  12-6  in.  long  9.  Wltitc-jUh,  13-4  in. 
long  8,  at  12-4  in.  long  B-i.  Whitling,  at  9-5  in.  long  1\,  at  8-2  in.  long  8.  TruJ);  at  8-2  in.  long  8. 
WhitliiKj,  at  8-1  in.  long  8,  at  7-8  in.  long  7^,  at  7-5  in.  long  71- 


170  SALMONID^    OF   BRITAIN". 

tlie  snout  to  the  commencement  of  the  dorsal  fin*  differs  in  the  two  races  of  sea 
trout,  but  some  measurementsf  which  have  been  instituted,  have  not  confirmed 
this  statement,  this  space  was  found  to  equal  about  2|  to  2^  (in  one  large 
example  2^)  in  the  entire  length  of  the  fish.  In  the  anal  may  be  found  {see 
fig.  36,  page  163  ante),  3  to  4  unbrauched  rays,  and  from  7  to  9  branched  ones 
(a  single  sewin-grilse  in  the  British  Museum  from  the  Rhymney  has  10),  and  this 
exists  "in  specimens  of  the  salmon-trout  of  Scotland  and  the  north,  whitling  and 
sewin.  Thus,  clearly  showing  that  as  these  numbers  are  susceptible  to  similar 
and  considerable  variations  in  all  the  different  races  of  the  sea  trout,  such  cannot 
be  looked  on  as  possessing  any  specific  signification.  J  "As  regards  the  caudal  fin 
very  great  discrepancies  exist  in  the  statements  of  different  authors,  some  of 
whom  advert  to  the  length  of  the  fin  rays,  and  that  in  a  manner  which  wholly 
fails  when  tested  on  specimens.  Thus  Parnell  remarked  that  "  when  the  fish 
reaches  the  length  of  20  inches,  the  middle  ray  of  the  tail  is  more  than  half  the 
length  of  the  longest  ray  of  the  same  fin"  (p.  291).  Dr.  Giinther  also  remarked 
of  the  salmon-trout  "  the  caudal  fin  is  cleft  in  young  examples,  in  which  the 
longest  rays  are  not  quite  twice  as  long  as  the  middle  ones;"  and  in  a  male 
specimen  22  inches  long,  taken  in  the  Firth  of  Forth,  we  are  told  that  "  the 
length  of  the  middle  rays  being  not  much  less  than  one-half  of  the  length  of  the 
longest,"  &c.  These  proportions  are  utterly  fallacious  if  tested  on  skeletons,  but 
may  possibly  be  intended  to  refer  solely  to  the  "exposed  portion  of  the  fin's  rays. 
This  fin  from  being  forked  in  the  young  becomes  gradually  square  at  the  end 
in  examples  up  to  20  inches  in  length,  but  more  slowly  so  in  some  than  in  others, 
continuing  forked  longest  (as  a  rule)  in  the  southern  and  western  race.  But  in 
large  examples  of  sea  trout  it  is  observed  to  become  rounded,  and  although 
Dr.  Giinther  remarks  of  the  sewin,  Sahno  camhricus,  that  it  attains  the  "  length 
of  about  3  feet,"  its  tail  fin  "is  perfectly  truncate  in  adult  examples,  but  never 

*  Dr.  Gunthcr  (Catal.  vi,  p.  25)  observed  that  in  the  northern  race  of  sea  trout,  Salmo  trittta, 
"the  mterneural  spme  of  the  first  long  dorsal  ray  is  attached  to  the  neural  of  the  seventeenth 
vertebra."  And  Dr.  M'Intosh  in  his  paper  on  the  "Yellow  Fins  of  the  Allan  Water,"  1872, 
remarked  respecting  the  burn  trout  and  sea  trout,  that  in  specimens  "  of  the  same  length  there  is 
a  very  appreciable  difference  in  the  position  of  this  (dorsal)  fin,  which  is  decidedly  further  forward 
in  the  latter — the  same  variation  occurring  in  the  fatty,. ventral,  and  anal,  as  noticed  in  the  first 
glance  at  the  fish  "  (p.  231). 

•j-  The  following  give  the  proportional  measurements  made  in  the  distance  from  the  front  edge 
of  the  snout  to  the  commencement  of  the  base  of  the  dorsal  fin.  Salmon-trout,  male,  20.  in.  long, 
2|  in  the  total  length;  at  lG-6  in.  long  2i,  at  IG  in.  long  2J,  at  14-8  in.  long  2i,  at  12-3  in. 
long  2^.  Se^vin,  at  15  in.  long  2-|,  at  18-3  in.  long  2^,  at  13  in.  long  2 J,  at  12-5  in.  long  2-^,  at 
12-6  in.  long  2^.  Whitling,  at  9-5  in.  long  2i,  at  8-2  in.  long  2^,  at  8-1  in.  long  2^,  at  7-8  in. 
long  21,  at  7-5  in.  long  2|.  White-fish,  at  13-4  in.  long  2^,  at  12-4  in.  long  3.  Triiff,  at  8-2  in. 
long  21. 

:j:  The  following  number  of  rays  existing  in  the  anal  fin  have  been  attributed  by  different 
British  Authors.  Turton  (1807)  White  Salmon,  Sahno  iMnoc,  A.  9,  Salmon-trout,  ,S'.  trutta,  A. 
10,  Shewen,  S.  criox,  A.  12;  Fleming  (1828)  Whitling,  S.  albus,  A.  9,  Salmon-trout, 
S.  trutta,  A.  11,  Sewin,  S.  eriox  (camhricus)  A.  10 ;  Jenyns  (1835)  ,9.  trutta,  A.  11,  ,S'.  criox  {cam- 
bricu.'^)  A.  11 ;  Yarrell  (1836)  S.  trutta,  A.  10,  S.  eriox  (camhricus)  A.  11  ;  Parnell  (1838)  ,S'.  trutta, 
A.  10,  ,S'.  eriox  (camhricufi)  A.  10 ;  Thompson  (185G)  ,S'.  trutta,  A.  9,  S.  eriox  (camhricus),  A.  11. 
In  1866  Dr.  Giinther  (Catal.  vi,  pp.  24,  34)  attributed  to  S.  trutta  A.  11,  S.  camhricus  A.  11-12, 
which  asserted  differences  in  the  two  races,  however,  scarcely  accord  with  his  text.  For  at  p.  32 
he  observed  of  a  female  S.  trutta,  27|  inches  long,  from  the  Tweed,  "  that  the  anal  fin  is 
higher  than  long,  and  consists  of  twelve  rays,  the  first  and  second  being  rudimentary  and  covered 
by  skin,  the  third  simple  and  shorter  than  the  fourth,  which  is  branched." 

The  Fordwich  trout  has  been  alluded  to  by  several  authors.  Isaac  Walton,  who  wrote  in 
1653,  remarked  that  "  there  is  also  in  Kent,  near  Canterbury,  a  trout  called  there  a  Fordid ge 
trout,  a  trout  that  bears  the  name  of  the  town  where  it  is  usually  caught,  that  is  accounted  the 
rarest  of  fish ;  many  of  them  near  the  bigness  of  a  salmon,  but  known  by  their  different  colours, 
and  in  their  best  season  they  cut  very  white."  He  likewise  observed  that  it  lives  and  feeds  nine 
months  of  the  year  in  the  sea,  and  fasts  three  in  the  rivers  of  Fordidge.  Yarrell  remarked  that 
"  the  Fordwich  trout  of  Isaac  Walton  is  the  salmon-trout  (Salmo  trutta),  and  its  character  for 
affording  rare  good  meat,  besides  the  circumstance  of  its  being  really  an  excellent  fish,  second 
only  to  the  salmon,  was  greatly  enhanced,  no  doubt,  by  the  opportunity  of  eating  it  very  fresh. 
It  was  formerly  the  custom  to  visit  the  nets  at  Fordwich  every  evening,  to  purchase  the  fish 
caught  during  the  night."  Dr.  Giinther  observed,  "  All  the  British  specimens  of  Salmo  trutta 
which  I  have  examined  (with  the  exception  of  the  Fordwich  trout)  are  from  Scotland."  A  female 
specimen  19  inches  long,  having  50  ciecal  appendages,  is  iu  the  British  Museum. 
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I'oimdcd  "  (Catal.  vi,  p.  35).  This  may  be  merely  an  error  of  (lcscn])tion  consc- 
qiu'iit  upon  his  not  liaving  seen  any  very  larj^^o  sj)ecinicn,  for  ho  makes  the  samo 
statement  of  the  Lochleven  trout,  which  I  shall  show  to  be  incorrect.  Other 
authors  who  record  having  obtained  this  form  with  a  rounded  tail,  he  considers 
must  have  referred  to  the  salmon-trout,  thus  showing  how  very  doubtful  this 
asserted  difference  between  tlie  two  forms  must  be  in  nature. 

Ccecal  ajjpevdages. — The  number  present  in  a  sea-trout  have  been  considered 
sufficient  to  assist  in  fixing  whether  it  pertains  to  the  northern,  eastern,  and  Irish 
salmon-trout,  or  the  southern,  west  coast  and  Irish  sewin  race,  differences  which 
Dr.  Giinther  gave  as  follows: — Salmo  trutta  from  4.3  to  Gl,  8.  camhricus  from 
32  to  52,  while  some  whose  numbers  interfere  with  this  division  are  disposed  of 
as  hybrids  {sec  p.  157).  Parnel]  recorded  from  9  sea  trout  captured,  in  Scotland 
that  8  females  had  48,  50,  50,  52,  54,  54,  54,  55,  or  an  average  of  53 :  and  50 
in  one  male.  I  have  found  the  following  in  13  specimens  of  male  salmon-trout, 
33,  40,  40,  42,  43,  4G,  47,  50,  50,  52,  52,  56,  GO,  or  an  average  of  47,  and  in  one 
female  49.  In  6  specimens  of  sewin  from  the  south  and  west  coast,  3G,  3G,  37, 
39,  40,  48,  they  averaged.  39.  One  from  Ireland  had  33.  It  would  consequently 
appear  that  in  the  south  (except  at  Eordwich,  where  the  feeding  for  trout  is  said  to 
be  exceptionally  good)  the  number  of  ca^cal  appendages  is  less  than  in  the  north. 
This  is  just  the  reverse  of  what  the  British  Museum  examples  of  brook  trout 
show,  as  the  northern  race  are  recorded  as  possessing  from  33-46,  and  the 
southern  from  38-47  {see  pp.  11  and.  157).  It  is  however  clear  that  these  organs 
are  unstable  in  numbers  {see  pp.  22  and  144  ante),  a  subject  which  will  be 
considered  more  in  detail  {see  p.  188).  Colours — these,  doubtless,  vary  in 
accordance  with  local  circumstances,  for  the  fish  genei'ally  become  darker  and 
more  spotted  the  longer  they  have  been  from  the  sea,  as  has  been  recognized 
from  the  time  of  Johnston,  1649  {see  pp.  151  ante).  But  even  in  the  same 
locality  great  differences  of  colour  may  often  be  observed,  more  especially  if  in 
estuaries*  or  within  the  limits  of  the  tides.  On  November  24th,  1886,  I 
examined  several  of  the  northern  i-ace  of  these  fishes,  or  salmon-trout,  at  Howietoun, 
w^here  they  had  been  kept  waiting  to  be  spawned.  The  males  had  a  whitish 
edge  to  the  caudal,  dorsal,  and  ventral  fins,  while  the  adipose  dorsal  was  edged 
with  orange.  The  fins  and  under  surface  of  the  head  were  nearly  black,  the 
dorsal  spotted  with  black,  and  some  pui'plish-red  or  purplish-black  spots  existed 
on  the  body.  On  July  26th,  1886,  I  examined  the  trout  in  the  tank  of  the 
National  Fish  Culture  Association  at  South  Kensington.  The  colours  of  the  sea 
trout  had  become  so  similar  to  fresh-water  forms,  that  a  stranger  could  not 
discriminate  between  them.  One  had  been  three  weeks  in  salt-water  tanks,  but 
still  its  colours  were  unchanged ;  the  poor  thing,  however,  was  blind,  which  may 
have  been  the  reason. 

Respecting  the  colours  in  the  par  stage  of  these  fishes,  one  knows  of  so  few 
well-authenticated  instances  of  such,  as  to  be  a  little  doubtful  whether  the  fish 
described  were  the  undoubted  fry  of  the  sea  trout.  It  is  true  Dr.  Giinther  stated 
that  "the  number  of  bars  is  not  quite  constant,  but  the  migratory  trout  have 
two  (and  even  three)  more  than  the  river  trout "   (Catal.  vi,  p.  3).t     This,  how- 

*  The  Earl  of  Ducie,  writing  September  2nd,  1887,  observed,  "  I  have  lately  returned  from 
Norway,  where  I  have  been  fishing  in  lakes  and  streams  between  61°  and  62°  N.  lat.  The 
sea  trout  for  which  I  fished  chiefly,  were  from  10  lb.  to  ^  lb.  Some  were  thickly  covered  with 
black  spots,  this  was  the  usual  type ;  others  had  scarcely  any  spots.  Ouc  sea  trout  of  about 
1|  lb.  weight  had  three  large  spots  in  a  longitudinal  line  on  each  side,  and  no  other  ones. 
Some  of  the  least  spotted  varieties  might  have  been  taken  for  salmon,  so  bright  were  they. 
Boiling,  however,  always  showed  the  pale  pink  flesh  of  the  Norwegian  sea  trout.  There  was, 
however,  a  difference  in  their  degree  of  merit  for  the  table  :  outward  appearance  was  not  always 
a  trustworthy  guide  in  this  respect.  With  few  exceptions  these  fish  liad  square  tails,  but  in  a 
few  cases,  never  exceeding  2  lb.  weight,  the  tails  were  forked,  we  thought  that  these  fish  were 
more  cylindrical  in  form  than  the  others.  Different  types  were  found  in  different  waters,  often  two 
or  three  types  occurred  in  the  same  locality,  but  the  variety,  thickly  covered  with  large  black 
spots,  was  common  to  all  places." 

t  Dr.  Giinther  deposed  in  the  orange-fin  case,  June  4th,  1872,  that  "  there  is  a  distinction 
between  the  young  of  Salmo  salar  and  a  number  of  the  fario.f.  In  the  par  of  the  former  I  have 
counted  as  many  as  nine  or  ten  cross  bars,  and  in  the  latter  only  six  or  seven  "  (p.  126). 
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ever,  is  one  of  those  broad  assertions  wliicli  require  confirmation  based  on  more 
extended  observation.  In  February,  1887,  I  examined  a  very  large  number  of 
young  Locbleven  trout  at  Howietoun,  and  found,  as  I  shall  subsequently  have  to 
refer  to,  that  they  possessed  from  fifteen  to  seventeen  cross-bands,  some  being 
more  or  less  broken  up.  But  these  bands  are  not  invariably  the  same  in  number 
every  year,  thus  in  1884  I  recorded  in  the  Proceedings  of  the  Zoological  Society 
(pp.  28,  29)  how  in  eight  young  specimens  of  Lochlevens  at  Howietoun  they  varied 
between  eleven  and  fourteen,  these  being  four  pairs  of  young  trout  of  the  same 
race  raised  in  the  same  establishment  and  under  identical  circumstances,  but 
which  had  been  some  months  in  the  ponds  at  Craigend  in  water  from  a  different 
stream.  While  in  some  undoubted  young  brook  trout  in  Gloucestershire  I  have 
observed  from  nine  to  eleven  bars.  In  April,  1887,  Mr.  Andrews  showed  me  his 
beautiful  young  fish  at  Guildford,  and  among  the  Lochleven  yearlings  raised  from 
Howietoun  eggs  were  numerous  examples  with  eight,  nine,  ten,  eleven,  and  a  few 
with  thirteen  cross  bands.  Also  fifteen  on  a  young  local  brook  trout,  but  in  these 
the  generality  ranged  from  eight  to  eleven.  Some  of  the  alevins  of  bpth  forms 
showed  an  orange  edging  to  the  adipose  dorsal  fin,  and  on  both  margins  of  the 
caudal.  While  in  some  yearling  local  brook  trout  and  also  in  some  similar 
Lochlevens  the  amount  of  orange  in  the  dead  fin  varied.  In  one  yearling  brook 
trout  there  were  three  brilliant  vermilion  spots  on  the  dead  fin.  If  therefore 
fresh-water  trout  can  vary,  as  I  have  now  instanced,  in  these  marks  between  nine 
and  seventeen,  the  specific  value  of  the  number  of  such  can  hardly  be  great. 
The  adipose  dorsal  fin,  although  usually  margined  with  orange  in  the  smolt  or 
grilse  stage,  may  be  lead  coloiired.* 

Vcrteirce.'\ — As  regards  the  number  present  in  either  race  my  information 
from  the  examination  of  specimens  is  not  so  full  as  I  could  desire,  because  in 
each  case  the  fish  had  to  be  sacrificed.  In  salmon-trout  I  have  observed  from 
57-60  +  X  and  in  sewin  from  58-GO  +  x.  Yarrell  has  recorded  58  for  the  salmon- 
trout  and  59  for  the  sewin,  but  he  apparently  rather  mixed  up  his  forms ;  while 
Dr.  Giinthcr  has  given  8.  trutta  59-60,  8.  cambricus  69,  and  8.  Irachypoma,  which  is 
the  grilse  of  the  salmon-trout,  69. 

Varieties. — These  are  not  very  material  unless  it  is  considered  that  two  distinct 
species  are  included  under  the  head  of  sea  trout.  Li  form — these  may  be 
congenital  or  acquired,  and  as  they  are  very  similar  to  what  obtain  in  the  fresh- 
water trout  the  two  will  be  examined  conjointly.  In  colour — these  are  various, 
from  silvery  to  being  as  spotted  as  a  «iver  trout,  as  will  likewise  be  detailed. 

8exual  distinctions.— Hhe  male  has  a  knob,  hook,  or  kype  developed  at  the 
upper  surface  of  the  end  of  the  lower  jaw  and  which  has  a  seasonable  augmenta- 
tion in  size  during  the  breeding  season,  there  is  also  a  thickening  of  the  skin, 
especially  along  the  back,  as  remarked  on  when  describing  the  salmon  (p.  57  ante), 
but  in  the  sea  trout  ulceration  through  the  upper  jaw  appears  to  be  rare. 

Names. — These  have  already  been  referred  to  (see  pp.  149,  150  ante).  Bull 
trout  seems  to  be  given  to  different  fishes  in  various  places.  When  netting  the 
Teith,  the  superintendent,  the  river  watchers,  and  fishermen  agreed  that  sea 
trout  attain  to  5  lb.,  but  are  rarely  larger :  but  bull  trout  of  20  lb.  or  30  lb.  are 
seen  and  believed  to  be  hybrids  between  the  salmon  and  sea  trout.  It  is  quite 
clear  that  old  male  salmon-kelts  are  not  infrequently  called  "  bull  trout."  In 
some  localities  sea  trout  are  termed  gray  trout.  Mr.  Congreve  considered  bull 
trout  sterile  examples  of  this  species  which  have  ceased  breeding  and  discontinued 
their  annual  migrations,  while  their  flesh  may  be  either  white  or  pink. 

*  J)r.  M'Intosh  (Scottish  Naturalist,  1872,  p.  231)  observed  that  "  the  reddish  edge  of  the 
fatty  fui  is  most  marked  in  the  common  trout,  is  present  in  a  less  degree  in  the  '  yellow  fin  ' 
(though  in  some  scarcely  noticeable)  and  is  absent  in  the  smolt.  The  blackish  pigment  at  the 
base  of  this  organ  is  more  developed  in  the  'yellow  fin'  than  in  the  trout."  While  in  its 
fully  developed  migratory  condition  "  the  fatty  fin,  the  dorsal  and  ventral  and  edges  of  the  caudal 
are  generally  bordered  with  red  "  (p.  230). 

t  In  counting  the  vertebra,  I  adopted  the  advice  given  by  an  old  author  to  boil  the  fish  and 
detach  bone  from  bone,  so  as  to  be  sure  no  mistake  occurred  in  the  enumeration.  As  already 
remarked,  I  do  not  in  the  above  count  the  last  aborted  vertebra. 
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Hahifs. — Tin's  species  liaving  much  of  the  habits  of  the  salmon  cannot  bo 
termed  so  game  a  lish,  noitber  is  it  so  powerful,  allbough  very  active.  Wbcn 
adult  it  appears  to  move  more  of  an  evening  and  during  the  night  than  during 
the  day,  and  frequently  selects  waters  wliich  ai'e  more  sluggish  than  suit  tho 
salmon,  although  if  the  bottom  is  sandy  or  even  muddy,  it  is  not  infrequently  found 
at  tho  tail  of  a  pool  or  where  tho  current  is  quiet,  but  is  of  a  roving  disposition. 
When  large  it  apj^ears  in  some  streams  to  lie  rather  deep  in  the  water,  is  a  wary 
and  sharp-sighted  form,  and  the  angler  generally  requires  a  long  line  combined 
with  great  caution  while  attempting  to  take  it,  but  if  it  bo  in  the  grilse  stage,  as 
the  white-fish,  or  iip  to  a  few^pounds  in  weight,  it  dashes  at  flies.  It  is  very 
destructive  to  small  fish  and  by  no  means  averse  to  consuming  the  eggs  or  tho 
young  of  the  salmon.  While  ascending  to  breed  the  sea  trout  does  not  abstain 
from  food  as  does  the  salmon. 

These  fish  can  be  retained  in  aquaria  and  even  thrive  there,  thus  Mr.  C. 
Jackson,  Report  on  tho  Salmon  Disease,  1880,  p.  Ill,  in  a  letter  dated  June  20th, 
]  880,  observed,  "  We  have  in  one  of  our  sea- water  tanks  (Soutbport  Aquarium) 
two  splendid  sea  trout.  They  came  to  us  a  few  ounces  in  weight  about  two  years 
since  and  are  now  several  pounds  in  weight.  They  have  not  been  in  fresh  water 
since  they  came."  On  the  other  hand  some  which  had  been  received  at  South 
Kensington  from  Lochbuie  and  kept  two  years  in  tanks  of  fresh  water  are  said 
to  have  given  eggs  in  the  autumn  of  1886,  showing  that  absence  from  salt  water 
had  not  arrested  the  reproductive  process. 

Migrations. — In  many  respects  those  of  the  sea  trout  are  similar  to  what  occur 
in  the  salmon,  so  far  as  when  the  smolts  descend  to  the  sea,  also  when  these  fish 
ai'e  entering  and  ascending  rivers  for  several  months  in  the  year.  While  there 
are  likewise,  as  might  be  expected,  certain  conditions  in  the  fish  which  tend  to 
foster  these  migrations  as  well  as  favourable  conditions  of  the  rivers.  In 
Sutherlandshire*  the  great  run  of  sea  trout  is  from  the  first  week  in  June,  its 
height  being  about  the  middle  of  that  month  subsequent  to  which  it  deci'eases ; 
the  small  herlings  begin  about  the  middle  of  July,  and  these  are  irrespective  of 
the  autumn  run  ascending  to  spawn.  While,  continued  Sir  W.  Jardine,  "  in 
approaching  the  entrance  of  rivers  or  in  seeking  out,  as  it  were,  some  one  they 
preferred,  shoals  of  this  fish  may  be  seen  coasting  the  bays  and  headlands,t 
leaping  and  sporting  in  great  numbers  from  1  lb.  to  3  lb.  or  4  lb.  in  weight ;  and 
in  some  of  the  smaller  bays  the  shoals  can  be  traced  several  times  circling  it  and 
apparently  feeding.  "J 

*  Sir  W.  Jardine,  Edinburgh  New  Philosojyhical  Journal,  1835,  p.  49,  observed  that  in 
Sutherlandshire  the  tacksmen  or  fishers  distinguished  the  sea  trout  only  as  the  larger  or  smaller 
kinds,  and  the  seasons  at  which  they  run.  This  commences  the  first  week  in  June,  is  at  its 
height  about  the  middle  of  the  month,  decreasing  as  the  season  advances,  until  they  are  succeeded 
by  the  later  running  fish.  The  smaller  sea  trout  or  herling,  in  Sutherlandshire,  he  observed 
commences  about  the  middle  of  .July. 

f  The  late  Mr.  Arthur  observed  that  "  the  Edchaig,  in  Argyleshire,  enters  the  Holy  Loch  near 
Kilmun,  and  in  June  has  a  fine  run  of  Salmo  trtttta  from  IJ  to  Gib.  In  August  and  September  a 
smaller  variety  ascends  known  as  hlackiu'hs,  owing  to  the  dark  colour  of  their  heads.  Towards 
the  end  of  the  season  a  few  bull  trout.  Loch  Lomond,  from  June  to  tho  end  of  the  winter,  has 
a  variety  of  the  sea  trout  between  salmon-trout  and  sewin.  On  the  east  side  a  race  like  the  true 
salmon-trout  runs  up  during  August  and  September." 

{  Mr.  W.  Anderson- Smith  has  lately  remarked  on  the  migrations  of  these  fish  on  the  west 
coast  of  Scotland,  which  he  observed  were  contrary  to  the  movements  of  the  salmon.  "  Those 
who  seine  for  sea  trout  do  not  find  the  salmon  among  their  prey."  "  The  sea  trout  keep  close  in 
shore  comparatively  speaking,  and  lay  themselves  open  to  the  operations  of  the  scringers  (seine- 
net  fishermen).  At  regular  intervals,  more  especially  at  spring  tides  in  June  and  July,  the  sea 
trout  pass  slowly  upwards  along  the  shore  to  their  various  rivers,  continuing  to  do  so  till  October. 
By  the  middle  of  November  they  have  mostly  left  the  fresh  waters  ....  not  only  have  the  fish 
of  each  several  stream  a  character  of  their  own,  but  they  are  found  intermingled  with  the  Salmo 
fario  from  the  smaller  streams  that  have  taken  to  the  sea,  and  in  consequence  donned  a  livery  of 

silver  more  or  less  pronounced We  have  little  doubt  that  the  Salmo  fario  takes  to  the  sea 

at  certain  seasons  when  we  cannot  find  a  single  representative  in  the  small  streams  that  enter 
the  Western  Highland  Lochs.  We  have  found  them  amidst  the  sea-weed  at  low  water  where  the 
stream  struggles  over  the  salt-watery  shore,  while  we  could  not  find  a  single  point  of  sisecific 
distinction  between  the  silvered  specimens  amongst  the  shoals  of  sea  trout  and  their  dark- 
coloured  congeners  in  the  burns."     "  We  have  also  taken  in  certain  streams  fishes  which  we 
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Respecting  the  migrations  of  these  fish  in  the  Tweed  some  very  interesting 
fio-ures  were  given  by  Russel  (see  p.  71  ante),  who  showed  the  proportionate 
number  that  entered  that  river  during  the  open  months  of  the  year.  One-tenth 
were  taken  in  the  first  3|  months,  or  from  the  middle  of  February  to  the  end  of 
May  :  and  nine-tenths  of  the  remainder  during  the  6|  months  extending  from 
June  1st  to  the  middle  of  October.  In  June  they  suddenly  augmented  by  300 
per  cent.,  and  in  July  stood  at  the  highest  figure :  but  the  average  weight  of  the 
fish  diminished,  pointing  to  a  large  proportion  being  young.  In  October  a  great 
increase  again  occurred  not  only  in  number  but  also  in  size,  for  now  the  breeding 
fish  commenced  ascending.* 

In  the  Kyle  of  Tongue  fine  sea  trout  are  found  during  April  and  May,  while 
in  the  Kyle  of  Durness  some  of  moderate  size,  as  from  1^  lb.  to  2,1b.,  commence  to 
show  themselves  the  last  week  in  April  and  during  May.  The  smolt  finnocks 
abound  in  the  Dee  near  Aberdeen  in  April,  and  improve  in  condition  as  the 
season  advances.  In  the  Forth  four  distinct  runs  of  sea  trout  have  been  recorded. 
(1)  Herlings  in  January,  from  6  oz.  to  12  oz.  (2)  Sea  trout  in  February,  from 
2  lb.  to  5  lb.  (3)  Two  differently  coloured  trout  in  May,  from  1|  lb.  to  2  lb.  weight, 
one  spotted  all  over,  the  other  only  below  the  lateral-line ;  the  flesh  of  one  is  pale 
and  of  the  other  red.  (4)  Salmon-trout  or  bull  trout,  strong  coarse  fish  from 
4  lb.  to  10  lb.,  and  have  been  taken  to  161b.  and  are  first  seen  in  July.  While 
Parnell  observed  that  those  which  leave  the  sea  about  the  end  of  July  to  enter 
fresh  water  do  so  to  deposit  their  spawn  during  the  months  of  October,  November, 
and  December. 

Passing  on  to  the  migrations  of  the  southern  and  western  sewin  we  find  that 
in  the  mackerel  drift-nets  employed  from  March  until  May  in  the  Bristol  Channel 
sino-le  examples  are  frequently  taken ;  also  at  the  mouths  of  rivers  during  summer 
and  autumn  in  hang  or  moored  nets,  and  in  fresh  waters  some  are  captured 
throughout  the  year.  But  these  migrations  are  subject  to  considerable  variation, 
thus  of  late  years  they  have  greatly  increased  in  the  Wye,  while  in  1860  they 
were  said  to  be  rare  there  but  numerous  in  the  Usk  and  common  in  the  rivers  to 
the  west.  The  few  that  ascend  the  Severn,  and  which  rarely  exceed  1  lb.  in 
weight,  do  so  mostly  in  July ;  in  the  Usk  the  largest  are  about  June,  but  they 
become  smaller  in  autumn ;  an  abnormally  early  one  of  f  lb.  weight  and  clean-run 
was  recorded  in  April,  1873.  In  the  Ogmore,  fish  from  4  lb.  to  5  lb.  ascend  in 
April,  those  of  about  2  lb.  in  May,  and  1  lb.  in  August,  while  at  Christmas  some 
enter  the  river  in  pairs,  but  they  do  not  weigh  above  I  lb.  to  |  lb.  In  the 
Towy  and  the  Teifif  these  fish  are  said  to  begin  ascending  in  April,  but  June  is 
the  month  when  they  have  been  recorded  as  beginning  to  pass  into  rivers  on  the 
Tef,  Clwyd,  Elwy,  and  Chester  Dee,  and  during  July  into  the  Claddw.  In  the 
month  of  June  these  fish  would  seem  to  become  plentiful  in  Welsh  rivers  and 
the  Dee,  being   mostly  so  during  July  and  August.     In  the  Towy  large  ones 

should  have  called  sea  trout  but  for  then-  complete  absence  of  silver  colouring,  the  naarkings 
pointed  to  them  as  bull  trout.  Those  we  are  disposed  to  consider  sea  trout  that  have  reniamed 
long  in  fresh  water,  and  lost  their  silver  coat,  as  the  Salmo  furio  acquires  it  in  salt  water."  The 
shoals'of  sea  trout  he  found  to  be  most  voracious,  having  "taken  young  herring  in  greafquantities 
and  squids  also  from  their  stomachs,  and  this  may  be  the  reason  they  keep  towards  the  shore  m 
their  progress  riverwards."  i  •     -. 

*  Lord  Home  wrote  an  instructive  paper  on  the  sea  trout  of  the  Tweed  to  larrell,  and  in  it 
he  observed  that  the  bull  trout  {Salmo  tnitta)  take  the  river  (Tweed)  at  two  seasons.  The  first 
shoal  comes  up  about  the  end  of  April  and  May.  They  are  then  small,  weighing  from  2  lb.  to 
4  lb.  or  5  lb.  The  second,  and  by  far  the  more  numerous  shoal,  comes  late  in  November.  _  They 
then  come  up  in  thousands  and  are  not  only  in  fine  condition,  but  of  a  much  larger  size,  weighing 
from  6  lb.  to  20  lb.  They  ascend  the  Tweed  in  scanty  numbers  during  the  spring  and  summer 
season,  but  are  then  in  excellent  condition.  But  the  great  ascending  shoal  of  these  fishes  is  that 
which  migrates  to  this  and  some  other  rivers  for  breeding  purposes,  and  this  occurs  after  the 
commencement  of  the  close  season,  or  between  the  middle  of  October  and  end  of  November, 
when,  as  observed  Stoddart,  they  push  up  the  river  to  the  very  sources  of  its  tributaries  and  their 
feeders.  I  have  already  remarked  (p.  159)  that  Stoddart  recognized  sea  trout  from  1  lb.  to  3  lb. 
pushing  up  the  Esk  in  summer  :  next  herlings  in  July  and  August,  succeeded  by  bills  or  bulls. 

t  It  has  been  lately  asserted  that  in  the  Teifi  or  Tivy,  in  Cardigan  Bay,  sewin  are  now  absent, 
but  present  in  either  river  on  each  side  of  it. 
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used  to  bo  taken  from  April  to  Juno,  and  from  41b.  to  10  lb.  by  the  end  of  Aupfust. 
In  tlio  Teiti  tlioy  Avero  recorded  as  being  from  |  lb.  to  2i  lb.  at  the  commcnce- 
mont  of  the  season. 

Along  the  south  coast  with  the  Juno  floods  there  arc  usually  small  peal  in  the 
rivers;  in  fact  from  February  to  June,  little  "white  fish,"  rarely  exceeding  six 
inches  in  length,  are  generally  present.  Thus  in  the  Dart  the  young  are  present 
in  the  spring,  and  are  taken  from  March  1st  till  May,  of  from  G  oz.  to  j  lb.  in 
weight,  after  this  time  very  few  are  captured.  While  in  some  of  the  Irish  rivers 
they  often  ascend  early  in  the  season. 

Means  of  caj^ture. — These  fish,  when  adults,  are  very  wary,  and  it  has  been 
observed  in  the  Tweed  and  neighbouring  fisheries  that  they  will  not  freely  enter 
the  chambers  of  the  fixed  nets,  the  proportion  of  them  captured  there  being  one 
for  every  nine  grilse  or  four  salmon.  But  in  the  drifting  hang-nets  at  the  mouths 
of  the  rivers  or  in  the  estuaries  three  or  four  trout  are  taken  for  every  salmon,  and 
in  about  equal  numbei\s  with  the  grilse.  The  same  is  observed  elsewhere,  and  in 
the  estuaries  of  South  Wales  sewin  of  from  1  lb.  to  4  lb.  weight  are  secured 
during  ]\Iarch  and  April.  In  Ireland  a  few  salmon-trout  are  taken  in  the  mullet 
nets :  in  Belfast  Bay  they  are  captured  in  large  quantities  early  in  the  moi'uing, 
if  possible  before  daybreak,  by  drawing  sandy  bays. 

Anglers  find  in  rivers  these  fish  will  mostly  take  a  worm  if  the  waters  are 
muddy,  as  it  begins  to  clear  a  spinning  bait,  and  when  fine  a  fly.  If  hooked  they 
often  display  considerable  cunning  in  their  attempts  to  break  the  line  with  a  blow 
from  the  tail,  or  impetuously  dart  olf,  when  a  similar  result  ensues  should  it  not 
readily  run  off  the  I'eel.  Stoddart  observed  that  during  the  season  clean  sea  trout 
give  more  sport  than  salmon  to  the  anglers ;  in  fact,  in  Scotland  an  hour  or  two's 
white  trout  fishing  when  the  fish  are  in  the  humour,  is  esteemed  good  sport,  as  they 
often  take  a  fly  well,*  while  in  some  places  they  may  be  taken  up  to  6  or  7  lb. 
weight ;  in  Wales  the  sewin  also  are  similarly  sought  after,  especially  of  an 
evening,  with  fine  tackle  and  a  small  fly.  But  large  examples,  as  bull  trout,f 
appear  to  generally  refuse  bait  or  flies,  but  kelts  are  readily  hooked.  The  smaller 
ones  in  salt  water  readily  take  a  spinning  bait  and  are  often  thus  fished  for  on  the 
west  coast  of  Scotland,  while  whilfers  for  pollack  on  the  south  coast  of  England 
not  unfrequently  take  a  sewin. 

Breeding. — The  number  of  eggs  deposited  by  the  sea  trout  in  moderately-sized 
examples  is  about  800  for  every  pound  weight  of  the  parent  fish, J  while  the  size 
of  these  eggs  show  the  same  vai'iation  as  will  bo  alluded  to  under  the  fresh-water 
trout. 

The  observations  already  made  (pp.  76,  77  ante)  as  to  ho^v  reproduction  is 

*  R.  B.  L.  in  Tlie  Field,  October  .31st,  1885,  gave  an  interesting  account  of  angling  for  sjn-od, 
■which  he  correctly  considered  as  identical  with  linnock,  whitling,  and  herhng,  and  to  be  the  grilse 
stage  of  Salmo  trutta.  Its  advent  in  June  and  July  in  the  waters  of  the  Edeu  (Cumberland), 
Nith  (Dumfries),  Kent  (Westmoreland),  and  other  northern  rivers  is  looked  forward  to  with 
eagerness  as  it  is  too  small  to  be  captured  by  the  legal  sized  nets.  It  is  a  free  feeder,  taking 
worms  well  in  a  spate,  or  when  the  water  is  at  all  discoloured,  even  at  night  time,  too,  wlien  the 
streams  are  low  and  clear.  At  the  fly  it  rises  far  more  freely  than  the  brown  trout,  and  according 
to  the  prevailing  condition  of  the  water  takes  anything  from  a  salmon  fly  dressed  on  a  no.  12  or 
large  hook,  to  the  smallest  midge  tied  on  a  no.  1,  and  even  the  spinning  minnow  is  not  altogether 
discarded  in  deepish  i^ools  near  the  bottom.  It  arrives  in  fresh  water  bright  and  active  as  the 
Salmo  fario  is  going  out,  and  the  autumn  frosts  appear  to  augment  its  appetite,  while  it  is  a  bold, 
hard  fighter,  and  plucky  to  the  backbone.  It  is  often  more  difficult  to  deceive  than  old  river 
trout,  and  when  feeding  on  a  i^articular  fly  the  most  skilful  fisherman  will  scarcely  persuade  it 
to  rise  to  any  other.  "And  if  for  a  time  the  sea  fish  refuse  to  rise,  just  take  off  your  flies  and 
j)ut  on  a  worm  line,  plenty  of  lengths  of  gut,  a  large  hook  (14's),  and  one  or  two  big  worms.  Use 
no  sinkers  ;  do  not  let  your  bait  touch  the  bottom,  but  fish  it  almost  as  you  would  the  fly,  with 
length  of  line  according  to  circumstances,  and  if  there  are  sprods  or  sea  trout  about  the  place, 
manipulating  your  line  properly,  the  fault  will  be  yours  if  you  catch  them  not." 

t  "  A  clean  bull  brout  (Salmo  tnttta)  is  scarcely  ever  known  to  take  fly  or  bait  of  any 
description  ...  I  venture  to  say,  I  have  killed  more  salmon  with  the  rod  than  any  one  man  ever 
did,  and  yet,  put  them  all  together,  I  am  sure  I  have  not  killed  twenty  clean  bull  trout.  Of  bull 
trout  kelts  thousands  may  be  killed  "  (Lord  Howe  to  Yarrell). 

%  Mr.  Willis-Bund  recorded  a  sewin  taken  in  October,  1872,  which  weighed  3|  lb.,  and 
contained  544  eggs  for  each  pound's  weight  of  the  parent. 
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carried  on  among  the  salmon  are  so  applicable  to  the  sea  trout  as  to  render 
repetition  unnecessary.  The  time  of  year,  however,  in  which  these  latter  fish  spawn 
woiild  seem  to  be  about  a  month,  or  even  more,  earlier  than  in  the  salmon,  com- 
mencing in  Scjotember  or  October  along  with  the  river  trout.*  On  November 
2Gth,  1874,  Sir  J.  Maitland  netted  ten  sea  trout  in  the  Stirling  district;  five  were 
males,  and  five  females  ;  the  first  male  was  nearly  spent.  In  some  captured  in  the 
Teith  and  retained  at  Howictoun  to  be  artificially  spawned  on  November  24th, 
1886,  but  few  eggs  and  little  milt  were  found  remaining,  and  on  November  2Gth, 
1885,  when  netting  the  Teith  for  salmon  (then  just  commencing  to  spawn)  wo 
took  two  sea  trout  kelts.  On  November  12th,  1884,  when  out  for  these  fish  two 
pairs  were  seen  at  their  redds  in  the  Stirling  district,  bu.t  the  rivers  were  rather 
swollen. t  In  a  very  severe  winter,  however.  Couch  found  sewin  depositing  eggs 
in  the  Fowey  as  late  as  January  22nd.  Mr.  Brady  observed  that  in  Ireland  the 
white  ti'out  spawn  a  month  before  the  salmon,  and  the  kelts  are  very  ravenous. 
As  a  general  rule  these  fish  commence  spawning  in  the  month  of  October  :  in  the 
Usk  the  earliest  dates  recorded  have  been  September  27th  and  October  1st,  1873. 

That  sea  trout  can  breed  without  migrating  to  the  sea  has  been  shown 
(p.  143  ante),  in  fact  they  may  become  land-locked  similarly  to  the  salmon  (see 
p.  103  ante).  The  eggs  of  these  fish  can  no  more  be  incubated  in  salt  water  than 
can  those  of  the  salmon  and  of  the  fresh- water  trout.  Mr.  Jackson,  Land  and 
Water  (June  10th,  1876),  observed  that  the  "  Salmon-trout  cast  their  ova  in  the 
salt  water  in  the  Southport  Aquarium,  without  assuming  the  appearance  of  kelts, 
or  even  leaving  off  feeding  greedily  on  shrimps.  They  did  not  attempt  to  make 
a  redd,  and  the  spawn  Avas  immediately  eaten  by  their  fellows."  While  the  eggs 
of  this  species,  similarly  to  those  of  the  salmon,  have  been  safely  conveyed  to  and 
hatched  at  the  antipodes. | 

Similarly  to  the  salmon  we  find  sea  trout  occasionally  ready  for  breeding  at 
inappropriate  times,  thus  ''  North  Countryman,"  Field,  1883,  writing  from  the 
Orkneys,  observed,  having  the  previous  day,  July  19th,  captured  a  sea  trout 
with  a  worm  in  the  sea,  "  It  was  a  female  fish,  in  good  order,  weighing  6  lb.  2  oz. ; 
but  was  tinged  very  slightly  with  a  dark  shade  on  the  belly.  When  opened  the 
roe  was  nearly  fully  develojied — in  fact,  just  as  we  expect  to  see  at  the  end  of 
September.     The  fish  was  good  and  curdy,  however." 

Sewin  would  seem  to  often  keep  in  shoals  of  females,  for  several  observers 
have  noticed  the  almost  entire  absence  of  male  examples  among  the  peal  or  sewin 
in  salt  water,  and  Dillwyn  in  his  Fauna  of  Stvansea,  p.  13,  observed  that  "  Mr. 
Talbot  has  found  in  his  streams  at  Margam  that  the  bull  trout  are  always  males, 
and  the  sewin  females,"  or  in  short  that  in  that  locality  males  were  termed  "  bull 
trout,"  and  females  were  designated  as  "  sewin,"  being  even  thought  a  distinct 
species.  Couch  never  found  a  male  peal,  but  observing  about  thirty  forming 
redds  in  the  Looe  river  on  January  22nd,  he  had  them  netted,  and  all  of  them 
were  found  to  be  females  with  the  roe  running  out,  except  one  male  which 
resembled  a  bull  trout  rather  than  a  peal.  Possibly  the  two  sexes  may  keep 
separated  during  periods  of  migration,  for  certainly  in  those  I  have  obtained  from 

*  "  As  each  season  came  round  when  rods  were  put  aside,  watching  hundreds  of  Salmo  trutta 
on  the  spawning  beds  in  November,  working  side  by  side  with  their  cousins  Sohno  fario,  the 
astonishing  fact  has  been  to  me  that  hybrids  between  the  two  species  are  not  more  common  than 
is  actually  the  case.  That  such  do  occur,  personally,  I  have  not  the  slightest  doubt,  though  their 
identification  in  a  natural  state  still  remains  to  be  determined.  The  milt  ejected  from  the  male 
fish  of  either  species  cannot  fail  to  fertilize  the  ova  of  both,  for  are  they  not  spawned  close  to  each 
other  on  the  same  bed  of  gravel,  and  under  exactly  similar  conditions  ?" — K.  B.  L.,  Field,  February 
14th,  1885. 

f  It  is  often  necessary  to  wait  for  a  frost,  which  freezes  the  small  rills  and  then  reduces  the 
volume  of  water  in  the  streams. 

t  In  the  Procccdimjs  of  the  Zool.  Soc.  1869,  p.  473,  Mr,  M.  Allport,  August  10th,  18G9, 
observed  respecting  the  15,000  eggs  of  the  sea  trout  sent  to  Tasmania  in  1860,  a  fair  percentage 
hatched,  and  most  of  the  smolts  were  allowed  to  descend  to  the  sea  ;  "  but  the  Tasmanian  Salmon 
Commissioners  retained  a  few  in  a  suitable  pond,  having  gravelly  rapids  adapted  for  sjiawning 
grounds  attached.  Twelve  of  these  fish  attained  weights  varying  from  5  lb.  to  1^  lb. ;  and  during 
the  end  of  June  and  beginning  of  July  last,  four  pairs  formed  rjds  and  deposited  spawn,  in  which 
the  hsh  are  now  distinctly  visible," 
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the  sea  and  in  several  distinct  localities  all  wore  females;  it  is  not  so,  however,  in 
tlio  rivers. 

The  ([nestions  of  sterility,  limits  of  reproduction  and  monstrosities,  will  bo 
discussed  along-  with  hybridism. 

Life  hishn/. — That  of  the  sea  trout,  so  far  as  it  has  been  observed  and 
recorded,  appears  to  be  very  similar  to  w^hat  occurs  in  the  salmon,  havinf^  its  par 
stage,  in  which  it  has  been  asserted  on  insufficient  evidence,  that  the  auadromous 
may  be  distinguislied  from  the  fresh-water  forms  by  the  number  of  transverse 
bands  or  linger  marks  along  their  sides.  But  this  method  of  recognition  appears  to 
fail  when  carried  into  actual  practice*  (see  p.  171,  172  ante).  The  par  goes  through 
the  smolt  and  grilse  stage  as  whitlings  or  herlings  in  the  north  (see  p.  159)  or 
white  fish  and  peal  in  the  south  {see  p.  IGO)  :  while  the  young  are  equally  or 
more  voracious  than  young  salmon,  for  when  artificially  brought  up  they  will 
consume  pond  snails  as  Lininea  or  Ancylus  which  salmon  appear  to  reject. 

I  have  already  adverted  to  the  opinion  held  by  others  and  personally  believed 
in  that  our  sea  and  fresh-water  trout  are  merely  local  races  of  one  species.  That 
anadromous  or  fresh-water  habits  may  simply  result  from  local  circumstances,  and 
colours  be  consequent  upon  immediate  surroundings.  In  tracing  up  these  fish 
then  we  may  well  begin  by  the  question,  What  is  an  orange  fin  ?  The  very  term 
speaks  for  the  colour  which  is,  as  a  rule,  seen  staining  the  outer  quarter  or  half  of 
the  adipose  dorsal  fin,  or  else  in  the  form  of  distinct  orange  spots. 

The  rate  of  growth  in  sea  trout  has  been  investigated  by  several  observers,  but 
as  already  remarked  {see  p.  146  ante),  in  some  instances  the  mai'ked  par  or  smolt 
has  developed  into  an  undoubted  fresh -water  form  of  trout.     I  have,  therefore,  in 

*  Mr.  Shaw,  of  Drumlanrig,  observed  to  the  Royal  Society  of  Edinhurfjh  in  1843,  that  havhig 
shot  a  pair  of  salmon-trout  while  spawning  in  the  Nith,  he  incubated  and  hatched  the  eggs,  tlio 
young  becoming  par  the  first  year  and  orange  fins  the  second  year.  At  eighteen  months  tlie  males 
have  the  milt  developed :  at  two  years,  when  about  7J  in.  long,  many  assume  the  smolt  dress. 
At  this  period  they  are  as  follows: — "  Dark  brown  on  the  back,  passing  gradually  into  a  white 
silvery  appearance  on  the  sides  and  belly :  the  pectoral  fins  are  white,  with  the  extremities  (^) 
orange  :  ventral  tins  pure  white  :  anal  fins  white,  with  a  faint  dusky  mark  on  each  side :  dorsal 
fin  light  brown,  inclining  to  black  at  the  extreme  points  of  the  anterior  rays,  which  are  tipped 
with  a  very  little  white  :  jDosterior  rays  have  a  faint  tinge  of  orange,  and  the  whole  fin  is  much 
spotted  :  adipose  fin  dark  brown,  margined  with  red  :  caudal  rays  of  a  light  colour  near  the  base, 
running  into  a  dark  orange,  terminated  by  a  faintly  marked  double  margin  of  black.  The  spots 
on  the  back  and  sides  vary  much,  prevailing  principally  along  the  back,  with  a  few  below  the 
lateral-line.  Each  spot  is  surrounded  by  a  circle  of  a  lighter  colour  than  the  general  surface  of 
the  body,  and  this  appears  to  be  a  prevailing  character  of  the  trout  species,  and  one  which  the 
sea  trout  exhibits,  even  after  having  assumed  the  migratory  dress,  when  every  other  feature 
of  resemblance  to  the  common  trout  has  disappeared." 

But  "a  certain  number  of  the  individuals  of  both  sexes  (probably  about  one-fourth  of  each 
brood)  never  assume  the  silvery  exterior,  or  migratory  dress  ;  and  even  if  those  which  have 
assumed  that  appearance  be  detained  in  fresh  water  for  a  month  or  two,  they  will  re-assume  the 
dusky  coating;  and  in  the  ensuing  autumn  both  sexes  have  their  reproductive  organs  fully 
developed."  He  observed  that  "  it  is  by  no  means  improbable  that  portions  of  each  brood  are 
permanent  residents  in  fresh  water,  as  they  are  never  observed  to  migrate  in  a  dusky  state  along 
with  the  shoals  of  silvery  fry."  Having  marked  some  of  these  young  fish  he  concluded  that  the 
"  orange  "  or  "  yellow-fins"  became  Jiirliiiys  of  six  or  seven  ounces  after  a  sojourn  of  about  ten 
weeks  in  the  sea  the  first  season  and  ascend  their  native  rivers  to  spa-w-n  :  and  that  they  return 
the  next  and  each  subsequent  season  as  salmon-trout,  with  an  increase  of  about  1.^  lb.  per  annum. 

Dr.  W.  M'Intosh,  Scottish  Naturali.it  (July,  1872,  vol.  i,  no.  7,  pp.  227-233)  contributed  a 
paper  "  on  the  '  yellow-fins  '  of  the  Allan-water."  At  p.  227  he  observed  upon  some  "yellow-fins  " 
which  he  thought  to  be  young  whitlings  {Sabiw  alius  or  hrachypoma)  which  had  from  43  to  44 
cix'cal  appendages  and  a  second  variety  or  species  possessing  from  49  to  57,  while  he  stated  that 
in  the  common  trout  of  the  Tay,  Ericht,  Allan-water,  and  the  mill-stream  at  Stormontficld  these 
appendages  ranged  from  38  to  50.  He  also  thought  that  the  tail  fin  of  the  yellow-fin  was  more 
deeply  cleft  than  seen  in  the  brook  trout.  The  important  question  of  the  number  of  par-bands 
along  the  sides  is  omitted,  while  it  must  be  evident  that  if  the  smolt  had  the  maxillary  compara- 
tively slender  and  the  vomerine  teeth  in  a  single  scries  they  were  peculiar.  He  contrasted  the 
young  yellow-fin  smolt  with  the  young  burn  trout  as  follows  : — "  Tlie  dark  back  of  the  'ycllow- 
fiu,'  its  silvery  sides  and  cheeks,  and  the  silvery  and  whitish  belly,  stand  in  strong  contrast  with 
the  young  river  trout.  The  red  spots  on  the  sides  are  much  more  developed  in  the  latter  than  in 
the  '  yellow-fin.'  "  .  .  "  In  a  '  yellow  '  trout  [S.  fario)  and  a  '  yellow-fin  '  of  the  same  length, 
there  is  a  very  appreciable  difference  in  the  position  of  this  (dorsal)  fin,  which  is  decidedly 
further  forward  in  the  latter,  the  same  variation  occurring  in  the  fatty,  ventral  and  anal  as 
noticed  in  the  first  glance  at  the  fish."     (See  page  198.) 
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the  following  instances  from  the  Tweed  experiments  eliminated  doubtful  cases 
and  restricted  my  examples  to  such  as  Lave  been  considered  in  all  stages  to  have 
retained  their  sea- trout  characteristics.  Among  those  taken  in  or  near  the  Tweed,* 
and  if  these  experiments  were  not  erroneous,  we  find  that  a  smolt  or  orange  fin  If  oz. 
in  April,  1873,  may  be  a  1|  lb.  whitling  in  June,  1874,  or  a  smolt  may  become 
a  3  lb.  Bull  trout  in  twelve  months :  or  in  three  years  weigh  5  lb.  While 
although  a  Black-tail  was  observed  to  increase  from  8  oz.  to  Ih  lb.  in  seventeen 
months,  another  from  9  oz.  to  1  lb.  3  oz.  in  nine  months,  and  a  third  from  13  oz. 
to  4|  lb.  in  twenty-eight  months,  on  the  other  hand  one  example  11^  oz.  in  weight 
had  actually  decreased  to  10  oz.  in  six  months,  and  a  second  from  lOi  oz.  to  5  oz. 
in  the  same  time.  Among  the  whitling  likewise,  one  17  inches  long  and 
weighing  If  lb.  increased  in  twenty-three  months  to  18f  inches  long,  and  weighed 
2^  lb.,  while  a  Black-tail  12  inches  long  and  12  oz.  in  weight  increased  in  nine 
months  to  13  inches  in  length  and  17  oz.  in  weight.  The  foregoing  show 
how  very  variable  both  the  rapidity  of  growth  as  well  as  the  augmentation  in 
weight  may  be. 

Passing  on  to  instances  from  the  same  river  wherein  the  marked  fish  have 
been  captured  in  distant  localities,  we  find  from  the  observations  of  the  Tweed 
Commissioners, t  that  these  fish  migrate  long  distances,  as  one  from  the  Tweed  to 
Yarmouth,  in  the  space  of  a  few  days  over  a  month,  and  during  that  period  it 
increased  ^  lb.  in  weight.  But  the  same  variations  in  increase  both  in  length  and 
weight  are  shown  in  fishes  thus  migrating  long  distances,  just  as  in  those  which 
appear  to  remain  nearer  to  their  native  river. 

Tlie  food  consumed  by  the  sea  trout  is  very  similar  to  that  of  the  salmon,  but 
in  some  respects  they  seem  to  be  more  voracious. 

I  removed  from  the  maw  of  a  small  example  (14  in.  long)  from  the  Aberdeen- 
shire Dee,  taken  in  July,  1882,  four  sand  launces,  Ammodytes.X  Sir  W.  Jardinc 
found  its  common  food  to  be  the  sand  hojiper,  Talitrus  locusta.  Phinocs  in  rivers 
are  partial  to  the  fresh-water  shrimp  Gammarus  pulex.  Tliat  they  will 
consume  fish  eggs  is  well  known,  thus  Bertram  (p.  191>)  recorded  how  a  whitling 
in  1882  of  about  f  lb.  weight  had  been  taken  in  the  Tay  with  300  salmonoid  eggs 
in  its  stomach. 

Mr.  Jamieson,  Fishing,  December  18th,  1886,  gave  an  account  of  some 
investigations  he  had  made  respecting  the  food  of  sea  trout  in  the  Nether  Don 
and  a  little  above  it,  extending  fi-om  the  Cathedral  of  St.  Machar  to  where  the 
river  discharges  itself  into  the  sea. 

"  The  greater  portion  of  this  is  tidal  water,  and,  consequently  many  of  tlie 
stomach-contents  of  these  trout  were  derived  from  the  sea.     During  the  months 

*  Orange  fin  or  trout  smolt  marked  April  or  May,  1851,  became  a  clean  Bull  trout  51b.  weight, 
May,  1854  :  Smolt,  Mav,  1857,  a  Bull  trout,  3  lb..  May,  1858  :  Black-tail,  October,  1859,  a  Whitling, 
U  to  2  lb.,  March,  18(51':  Whitling,  If  lb.,  September,  1870,  a  WliitHng,  2i  lb.,  July,  1872  :  Bull  trout, 
21  lb.,  Sept.  20th,  1870,  to  a  Bull  trout,  5^  lb.,  August,  1871  :  Black-tail,  12  oz.,  October,  1870,  to  a 
Whithng,  17  oz.,  June,  1871:  Black-tail,  21  oz.,  October,  1871,  a  Whithng,  2'  lb.,  August,  1872  : 
Orange  fin.  If  oz.,  April.  1873,  a  Whithng,  1  lb.  8  oz.,  June,  1871:  Black-tail,  9  oz.,  Sept.,  1873,  a 
Whithng,  1  lb.  3  oz.,  June,  1874:  Black-tail,  14.i  oz.,  Nov.,  1877,  a  Buh  trout,  28  oz.,  August,  1879  : 
Black-tail,  13  oz.,  Nov.,  1877,  a  Bull  trout,  4.V  lb..  May,  1879 :  Black-tail,  11  oz.,  Nov.,  1875,  a 
Bull  trout,  3  lb.  12  oz.,  August,  1877:  Black-tail,  llj  oz.,  Nov.,  1877,  a  Black-tail,  10  oz.,  April, 
1878  :  Black-tail,  11  oz.,  Nov.,  1877,  a  Bull  trout,  2|  lb.,  August,  1879  :  a  Black-tail,  lOi  oz.,  Nov., 
1875,  a  Black-tail,  8\  oz.,  March,  187G :  Black-tail,  llj  oz.,  Nov.,  1877,  a  Black-tail,  10  oz.,  April,  1878. 

•j-  Bull  trout  kelt,  3  lb.,  March,  1852,  recaptured  at  Yarmouth,  April,  1852,  3^  lb. :  Bull-trout 
kelt,  3  lb., March,  1852,  recaptured  Shields,  April,  1852,  4.^-  lb.:  three  Black-tails^' Autumn,  1858, 
recaptured  at  Aberdeen,  one  in  the  Don,  and  two  in  the  sea  as  Whitlings  from  2  lb.  to  3  lb. :  Black- 
tail,  1  lb.,  Sept.,  1870,  as  Bull  trout.  North  Esk,  2  lb.  1  oz.,  Sept.,  1871:  Black-tail,  12  oz.,  Oct., 
1870,  as  a  BuU  trout,  2  lb.  10  oz.,  at  Lamberton,  June,  1871 :  Bull  trout,  3^  lb.,  Oct.,  1870,  recaptured 
in  Coquet,  4  lb.  13  oz.,  Nov.,  1871 :  Black-tail,  1  lb.,  Oct.,  1871,  as  Bulftrout,  1  lb.  7  oz.,  Stirling, 
August,  1872:  Black-tail,  18  oz.,  Sept.,  1872,  as  Bull  trout,  36  oz.,  Dee,  July,  1873:  Black-tail, 
12  oz.,  Oct.,  1872,  in  Whitadder  as  Black-tail,  12  oz.,  Nov.,  1872  :  Black-tail,  13  oz.,  Nov., 
1875,  as  Bull  trout,  Stirling,  28  oz.,  July,  1870  :  Black-tail,  13i  oz.,  Oct.,  1876,  in  Firth  of  Forth 
as  Buh  trout,  1  lb.  12i  oz.,  August,  1877 :  Black-tail,  8  oz.,  Oct.,  1877,  in  Firth  of  Forth  as  Sea 
trout,  1  lb.,  July,  1878  :  Black-tail,  9  oz.,  Nov.,  1877,  in  Firth  of  Forth  as  Sea  trout,  2  lb.  4  oz., 
July,  1878. 

I  Mr.  M.  Dunn,  Land  and  Water,  June  24th,  1880,  observed  that  he  had  found  Pcal  feeding 
on  herring-fry  in  Mevagissey  Bay  during  the  months  of  May  and  June. 
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of  April  and  May,  Anj^ust  and  September,  in  this  river,  there  is  no  fish  which 
will  take  witli  greater  rapidity,  or  rise  so  boldly  to  a  fly  or  minnow,  and  no  fisli, 
at  such  times,  shows  more  pluck  or  brilliant  play.  During  tliese  months  the  sea 
trout  is  in  the  very  pink  of  condition,  being  of  greater  size  and  strength  at_  such 
times  than  at  others,  which  is  mainly  due  to  its  feeding  on  various  species  of 
insecta  and  such  small  fish  as  the  sprat,  sand-eel,  etc.  This  shows  tliat  the  trout 
is  very  rapidly  affected  by  the  nature  of  its  food. 

"The  following  is  a  list  of  stomach-contents,  extracted  from  about  300  sea  trout 
during  the  last  hshing  season: — 1.  Of  Fish. — Chcpea  sprattus  (common  spi'at), 
Ammodi/fes  tohianus  (sand-eel),  Leucisciis  plioxinus,  Anguilla  (small  fresh-water 
eel),  and,  in  one  instance,  the  skull  of  a  codling.  2.  Of  Mollusca. — Limnea 
sfiKjnalis,  small  form  of  Mytilus  (mussel),  several  small  species  of  NudthrancMata. 

3.  Of  Crustacea. — Gammaras  pulex,  Thysanoiissa  horeali'!,  Talitrus  locusta, 
Amatldlla  saJjini,  Palcemoii  sernUas,  Fahjemon  anmilicornis,  Grangon  vulgaris,  and 
many  Etitomostraca,  including  Gyclops  and  Daphnia  and  several  unnamed  species. 

4.  Of  Insecta. — These  are  Innumerable,  including  Helohia  nivalis  and  SphcBridium 
quadrimaciilatiim  {Coleopterous  insects),  spiders.  5.  Of  Annelida.— /S'aZ^eZZaria, 
Nereis,  Lumhricits  terrestris  and  a  small  species  of  black  leech.  6.  Of  Polyzoa. — 
Gemellaria  loricata,  with  small  shell-fish  attached.  7.  Of  B.ydvozoii.—Sertularia 
abietina,  Sertidaria  operculata,  both  with  small  shell-fish  attached. 

"It  is  an  interesting  fact  that  many  of  the  above-named  form  part  of  the  diet 
of  the  cod,  herring  and  mackerel,  as,  for  example,  the  sprat  and  sand-eel.  Both 
these  species  are  abundant  on  the  Aberdeenshire  coast,  and  in  summer  are  largely 
used  as  baits  for  other  fish,  during  which  time  they  come  close  in  shore.  In 
August  of  this  year  cartloads  of  them  were  cast  up  on  the  sands  at  Don-mouth, 
and  immense  shoals  ascended  daily  with  the  tide  and  were  greedily  devoured  by 
the  sea  trout,  the  result  being  that  anglers  had  a  poor  time  of  it,  owing  to  the 
fish  being  so  well  fed.  In  May  and  August  I  found  the  trout  simply  gorged  with 
both  of  these  species. 

"  Of  the  upper  reaches  of  the  river  the  Limnea,  a  small  univalve  shell-fish,  is 
a  general  favourite,  especially  where  sandy  material  exists,  and  in  April,  ]\Iay  and 
August  the  small  black  leech  forms  a  grand  bill  of  fare. 

"  The  Gammarus  pulex  (fresh-water  sandhopper)  and  Nereis  (sandling  worm) 
occur  as  food  throughout  the  whole  fishing  season. 

"  To  show  the  varied  nature  of  their  food,  on  April  13th  of  this  year  I  had 
seven  sea  trout  caught  with  a  small  'Professor,'  in  a  swift  flowing  stream, 
unaffected  by  the  tide,  and  from  one  extracted  the  following  contents :— Nine 
Limnea,  two  red  beetles,  one  black  beetle,  one  spider,  three  sandhoppers  and 
several  minute  Crustacea.^' 

As  food. — Very  various  opinions  are  held  respecting  the  value  of  the  sea  trout 
as  food  ;  for  while  the  scwin  of  Welsh  rivers  is  of  a  very  delicate  and  superior 
flavour,  the  bull  trout*  of  the  Coquet  seems  to  be  condemned  as  worthless,  and 
large  examples,  as  a  general  rule,  are  found  to  be  coarse.  Several  subjects, 
however,  have  to  bo  considered,  as  (1)  the  locality  from  whence  the  fish  was 
captured  :  (2)  its  age  and  size :  (3)  whether  it  is  clean  or  near  the  breeding 
season  :  (4)  and  possibly  the  length  of  time  it  has  been  in  fresh  water.f 

*  Lord  Home  observed  that  "  the  bull  trout  {Salmo  triitta)  is  an  inferior  fish  and  is  exactly 
what  is  called  at  Dalkeith  and  Edinburf,di,  Musselburgh  Trout."  Stoddart  remarked  that  they 
ascend  in  scanty  numbers  during  the  spring  and  summer  season,  but  are  then  in  excellent 
condition.  On  the  whole,  however,  they  are  a  coarse  fish"  (p.  224).  They  are  very  voracious 
when  ascending  to  breed,  and  although  outwardly  they  look  good  they  are  very  mferior  as  food. 
In  the  month  of  Juno  I  found  them  excellent  in  the  Oykell  in  Sutherlandshire,  also_  durmg 
August  and  September  in  Wales  and  along  the  south  coast  of  Cornwall.  Large  quantities  are 
senl  yearly  from  Scotland  to  London,  and  those  from  Perth,  Dundee,  Montrose,  and  Aberdeen 
are  most  esteemed  for  their  colour  and  flavour. 

f  "  South  Devon,"  in  Land  and  Water,  June  14th,  1884,  observed  that  above  the  Totness 
weir  "  hitherto  it  was  a  very  exceptional  thing  to  take  any  other  than  whitc-ilcshed  trout:  now, 
however,  that  the  dapping  season  has  commenced,  the  larger  fish  in  tlie  deep  water  above 
Totness  weir  have  been  taken  in  considerable  numbers  :  similar  sized  fish  were  last  year  all  wlute- 
flcshed  trout,  but  now  a  large  proportion  of  them  are  pink.  I  consider  this  is  caused  liy  tlie  fisli 
feedin"  in  the  tidal  waters  below  Totness  weir  on  shrimps  and  other  salt-water  food,  and  they 
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Sucli  fish  as  ascend  rivers,  prior  to  the  anadromous  shoals  migi-ating  for  breeding 
purposes,  are  generally  good  as  food,  at  least  up  to  6  lb.  or  7  lb.,  and  but  little 
inferior  to  the  salmon,  especially  when  they  have  pink  flesh.  But  in  some  places, 
as  already  alluded  to,  the  young  fish  deteriorate  in  quality  the  longer  they  are 
absent  from  the  sea.  In  the  Usk,  however,  the  core  or  bull  trout  are  very  bad 
eating  although  they  ascend  early.  While  in  certain  rivers  poisonous  substances 
having  obtained  access  appear  to  have  adversely  influenced  the  character  of 
the  fish.  Buckland  observed  that  sea  trout  are  not  such  a  good  table  fish  as 
the  salmon,  and  the  flesh  cuts  white  (but  this  is  not  universally  the  case),  while 
he  remarked  that  the  French  jirefer  it  to  salmon. 

Legislation. — If  the  sea  and  brook  trout  are  merely  varieties  of  one  species, 
this  might  give  rise  to  awkward  inquiries  of  how  the  foi-mer  in  Scotland  have 
been  decided  to  belong  to  the  salmon  proprietor  but  not  so  necessarily  the 
fresh-water  trout  which  are  placed  in  a  totally  different  category.  "  In  a  Tweed 
Act  (15  Geo.  III.  c.  46)  occurs  the  definition  '  Salmon,  grilse,  salmon-trout,  or 
whitling,'  consequently  it  must  be  upwards  of  100  years  since  sea  trout  were 
legally  defined  as  pertaining  to  the  salmon  fisheries." 

Diseases. — Those  affecting  salmon  (p.  109  ante  et  seq.)  are  similarly  observed 
attacking  the  sea  trout.  Even  so  long  ago  as  Pontoppidan  (Natural  History  of 
Norivay,  1/55,  p.  139)  are  allusions  to  disease  affecting  these  fish.  He  asserted 
the  salmon-trout,  Trutta  taurina,  to  be  a  very  common  fish  in  the  fresh  lakes  and 
rivers,  but  many  of  them  are  subject  to  a  sort  of  disease  so  that  they  cannot  be 
eaten.  The  head  grows  very  large  and  the  body  emaciated,  while  in  their  entrails 
are  found  pimples  resembling  millet  seed.  Some  ascribed  it  as  due  to  the  sawdust 
from  the  mills  falling  into  the  river,  while  others  considered  it  to  be  retained  roe 
which  had  become  diseased.  This  complaint  Avas  asserted  not  to  affect  the  non- 
migratory  fresh-water  trout,  and  was  possibly  seen  in  kelts. 

Under  this  head  may  be  included  the  result  of  suspending  the  incidence  of  the 

close-season,  for  I  have  already  remarked  (p.  67  ante),  how  H.M.  Inspectors  of 

Fisheries,  finding  sea  trout  present  in  the  Coquet,  but  salmon  absent,  concluded 

that  the  former  had  destroyed  the  latter,  and  how  if  they  in  turn  were  eradicated 

the  true  salmon  would  again  flourish.     Acting  on  this  theoretical  opinion  leave 

was  obtained  in  1868  to  suspend  the  close  time  for  bull  trout,  or  in  other  words, 

to    capture  the  shoals    ascending  to  breed,   and  the  numbers   netted  were   as 

follows : — 

Open  season.  Fish.  Close  season.  Fish.  Total. 

1868  Feb.  1st  to  Aug.  31st  1757  Sept.  1st  to  Dec.  1st  26,350  .  .  28,107 

1869  „        „  „         1747  „         „  „         15,464  .  .  17,211 

1870  „         „  „  770  „        „  „         10,687  .  .  11,457 

1871  „        „          „        4434          „         „  „  9,188  _..  13,622 
The  massacre  was  now  very  sensibly  put  an  end  to,  bat  it  is  interesting  as 

showing  how  rapidly  the  destruction  of  spawning  fish  entails  diminution  of  the 
stock  in  a  river.  Thea  as  to  size,  during  1868,  '69  and  '70,  the  take  during  the 
open  season  averaged  51b.  a  fish,  in  the  close  season  41b.  a  fish:  in  1871  the 
average  weight  of  the  fish  taken  during  the  open  season  had  decreased  to  41b., 
while  those  taken  during  the  close  season  had  risen  to  5  lb. 

Ualntat. — The  sea  trout  is  found  in  northern  Europe  ascending  rivers  falling 
into  the  Baltic,  North  Sea,  the  seas  surrounding  the  British  Isles,  and  the  Seine 
and  the  Loire  in  France. 

In  the  Orkneys,  Low  observed  that  it  is  found  in  great  quantities  in  the  Loch 
of  Stenniss,  through  the  whole  summer.  They  do  not  grow  so  large  as  the 
river  trout,  Salmo  fario,  neither  are  they  so  much  esteemed,  their  flesh  being  white 
and  only  moderately  good.  During  harvest  they  ascend  to  the  smallest  streams  to 
spawn  subsequent  to  which  they  return  to  the  sea.  It  is  common  along  the  cast 
coast  of  Scotland,  and  Russel  calculated  that  in  the  Tweed  it  is  as  numerous  as 
the  salmon  and  grilse  combined :  to  the  south  of  the  Tweed  fifty  to  every  salmon 

are  able  by  means  of  the  fish  pass  to  get  up  again  to  the  fresh  water  which  formerly  they  coulil 
not  do  except  in  floods,  and  that  rarely." 
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and  grilse,  wlillo  in  the  Forth  iiml  Tay  and  other  large  rivers  difTieult  of  access  in 
the  north  the  l)ull  trout  is  ahnost  a  stranger.  1 1  is  also  present  in  the  rivers  along 
the  north-east  coast  of  England,  more  especially  the  Coquet,  Tyne,  Tees,  and  Wear. 
It  is  less  frequent  on  the\vest  coast  of  Scotland  than  on  the  east.  In  Yorksluro 
very  abundant  along  the  coast  and  present  in  all  the  rivers  frequented  1)y  the 
salmon  (Yorkshire  Vertebrata).  In  Norfolk  it  is  frequently  taken  in  the  Ouso 
and  the  estuary  (Lowe),  and  the  "  Fordwich  trout  "  from  Kent  is  of  the  northern 
form.  Sewin,  S.  cambricus,  is  generally  found  in  the  south  of  England  and  in 
Wales  extending  up  the  west  coast  of  England,  but  in  Cumberland  salmon- 
trout  appear  to  bo  most  numerous.  In  Ireland  it  is  common  around  the  coast,  and 
there  the  salmon-tront,  8.  trutta,  are  likewise  found. 

In  1873  Frank  Buckland,  Familiar  Ristory  of  British  Fishes,  having  observed 
that  "it  has  been  supposed  by  some  that  the  sea  trout  and  bull  trout  are 
identical,"  Avhich  views  he  held  to  be  erroneous,  although  he  found  it  to  bo 
impossible  to  explain  their  differences  in  writing,  and  considered  the  practical  test 
to  be  the  boiling-pot.  The  flesh  of  the  sea  trout  he  held  to  be  red  and  savoury  : 
that  of  the  bull  trout  white,  leather-like  and  insipid.  He  believed  that  the  bull 
trout  were  gradually  gaining  ground  on  the  salmon  owing  to  the  presence^  of 
weirs,  the  mesh  of  the  nets  being  too  large,  and  their  getting  first  to  the  spawning 
beds.  That  the  bull  trout  being  stronger  tlian  a  salmon,  should  some  of  both 
species  arrive  at  a  weir,  the  former  will  surmount  the  obstacle,  leaving  the 
latter  below.  He  observed  that  there  were  no  bull  trout  in  the  Lune,  Clwyd, 
Seiont,  Cleddy,  Avon  (Somerset),  Avon  (Devon),  Frome,  Avon  (Hants),  Stour. 
No  increase  in  the  Dee,  Teifi,  Wye,  Taw  and  Torridge,  Teign,  Tees, 
Otter,  Exe,  Camel,  Tamar  and  Plym,  Dart,  Ribble.  An  increase  in  the  north 
Tyne  and  the  Usk.  Subsequently  (1880),  he  remarked  that  the  fish- wives 
occasionally  clip  the  round  tail  of  the  bull  trout  quite  square  andsell  it  for  true 
salmon.  Also  as  these  fish  are  not  being  captured  during  their  autumn  run, 
the  netting  season  ought  to  be  lengthened  and  the  use  of  "  splash-nets  "  permitted 
at  the  mouths  of  the  rivers,  and   the  mesh  of  the  net  altered  at  certain  seasons. 

As  to  the  size  it  attains  there  exists  the  head  of  one  in  the  British  Museum 
10  in.  long  from  the  Tweed,  which  measurement  would  seem  to  show  the  fish 
must  have  been  nearly  4  ft.  in  length.  Buckland  remarked  that  at  the  end  of 
November,  1868,  the  Honourable  Charles  Ellis  caught  with  the  rod  at  Brigham 
Dubb,  on  the  Tweed,  a  male  fish,  4  ft.  1  in.  in  length,  weighing  441b.  This  was 
one  of  the  "  Gray  skull."  One  upwards  of  21  lb.  and  measuring  4^  feet  m 
length,  was  taken  in  a  small  tributary  of  the  Trent  at  Drayton  ]\lanor,  and  sent 
by  Sir  Robert  Peel  to  Yarrell,  the  skeleton  of  which  is  now  in  the  Museum  of  the 
College  of  Surgeons.  In  the  Usk  Mr.  Willis-Bund  has  recorded  a  bull-trout 
kelt  15  or  16  lb.  weight,  taken  January  3rd,  1870  :  one  of  28  lb.  January  11th, 
1873  :  and  one  of  201b.  taken  in  a  putcher  at  Goldcliff  on  April  4th,  1876. 

The  figures  in  plate  V  consist  of  (No.  1)  a  male  salmon-trout  from  the  Teith, 
15  in.  long,  and  which  had  57  ctecal  appendages,  and  (No.  2)  a  female  sewm 
15  in.  long  which  possessed  40  appendages. 


Fig.  41,  Fresh-icater  Snails.      1,  Planorbis  :    2,  Limnca  peregra. 
3,  Aucylus  (enlarged). 
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FRESH-WATER   TROUT. 

In  the  foregoing  pages  I  have  advanced  reasons  for  supposing  that  we 
jjossess  only  one  species  of  sea  trout,  although  our  eastern  and  northern  form  of 
salmon-trout,  Salmo  trutta,  appears  as  a  rule  to  have  a  few  more  ca^cal 
appendages  than  the  sewin,  8.  camhricus,  which  is  chiefly  found  on  the  southern 
and  western  parts  of  England  and  Wales,  and  along  most  of  our  Irish  shoi*es. 
Externally  so  similar  are  these  races,  that  no  naturalist  has  yet  succeeded  in 
pointing  out  unmistakable  differences  between  the  two,  while  their  dentition 
and  the  formation  of  the  jaws  vary  to  such  an  extent  that  they  cannot  be  relied 
upon  as  differentiating  one  from  the  other,  although  generally  the  vomer  has 
more  teeth  along  its  body  in  the  northern  than  in  the  southern  variety. 

Passing,  as  the  sea  ti'out  does,  by  insensible  gradations  and  almost  unappreci- 
able  differences  into  the  fresh-water  races,  it  becomes  necessary  to  make  a  rather 
full  investigation  respecting  whether  such  is  the  result  of  changing  their 
habitation  from  the  sea  to  fresh  waters  or  the  reverse,  or  if  their  difierences  are 
the  result  of  a  hybridizing  process  carried  on  between  an  auadromous  sea  trout 
and  a  non-migratoiy  fresh- water  species. 

As  already  observed  (p.  143)  Widegrcn,  in  1863,  asserted  that  the  auadro- 
mous sea  trout  and  non-migratory  fresh-water  forms  were  simply  varieties  of 
one  common  species,  the  diiferences  in  colour  being  consequent  upon  local 
surroundings.  Malmgren,  in  his  account  of  the  Salmonida3  of  Finland,  came  to 
the  same  conclusion,  Collett,  Norges  FisJce,  1875,  p.  167,  likewise  held  an 
identical  opinion,  so  also  did  Malm  in  his  Fauna,  1877,  p.  538,  Feddersen, 
DanliseFerskvanrhfishe,  p.  77,  and  others  have  likewise  held  and  still  maintain  the 
same  views.*  While  Shaw,  in  1843,  gave  a  short  account  of  having  reared 
sea  trout  from  eggs  and  how  some  of  the  young,  probably  about  a  quarter,  never 
assumed  the  silvery  niigi-atory  livery,  and  he  advanced  the  opinion  that  some 
may  permanently  become  residents  in  fresh  water.  But  this  question  of  the 
identity  of  the  marine  and  fi'csh-water  forms  has  been  already  referred  to 
(pp.  144,  145). 

Opinions  still  are  divided  as  to  whether  these  two  forms  are  merely  divisions 
of  one  species,  but  however  this  may  be,  ichthyologists  are  more  agreed  in 
believing  that  all  the  varieties  of  our  fresh-water  trout  are  merely  local  races,  in 
which  the  differences  in  this  very  plastic  form  are  brought  about  by  their 
surroundings.  Differences  which  I  have  shown  (p.  145)  may  disappear  on  the 
young  being  raised  under  changed  circumstances. 

J  urine.  History  of  the  Fishes  of  the  Lalce  of  Geneva,  1825,  gave  what  he 
believed  to  be  sufficient  reasons  for  considering  tha.t  the  local  forms  existing 
there  and  which  had  been  accounted  distinct  species  of  trout,  as  Salmo  trutta, 
and  S.  fario,  and  were  known  under  different  names  as  the  common  trout, 
salmon-trout,  lake  trout,  river  trout,  al^^inc  trout,  &c.,  were  all  referable  to 
differences  of  sex,  age,  season,  the  natui-e  of  the  water,  food,  light,  &c.  The 
distinctive  marks  taken  from  the  prolongation  of  the  under-jaw  beyond  the 
upper,  the  colour  of  the  flesh,  of  the  skin,  with  the  size  and  shade  of  the  sjwts, 
the  form  of  the  tail,  &c.,  being  variable,  were  not  to  be  depended  on. 

Lunel  remarking  upon  the  various  specific  names  that  had  been  given  to  the 

*  Dr.  Gilnther,  who  in  1864  and  at  otlier  times  has  given  liis  opinion  that  these  views  are  the 
outcome  of  the  incapacity  or  ignorance  of  the  observers,  consistently  omits  all  reference  to 
the  subject  in  his  Iiiiroduction  to  the  Study  of  FUhcs,  1880,  written  according  to  the  Zoolot/ical 
Eecord  in  order  "to  serve  as  a  book  of  reference  to  zoologists  generally;  and  to  supply  those 
\v'lio  have  frequent  opportunities  of  observing  fishes,  with  a  ready  means  of  obtaining  informa- 
tion." He  also  refrains  from  mentioning  tliat  some  naturalists  are  unable  to  admit  the  numerous 
species  into  which  he  has  sub-divided  trout. 
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varieties  of  the  trout,  asserted  Salmo  fario,  S.  h-mcums,  h>.  rappii,  and  »S'.  Incii.'ilris, 
of  Lake  Constance  all  belong'  to  one  form  which  ho  jn-oposcd  terminer  S.  variahihs. 
Steindachncr  {Ak.  Wiss.  Wien,  Hi,  18G5,  Nov.  3Uth)  identified  >S'.  delcx,  lEeck 
with  S.  fario.  Pavcsi  {Vesci  nel  Ticino)  considered  the  lake  and  river  trout  ot 
the  river  Canton  to  be  merely  varieties  of  one  species.  Eatio  observed,  "  Our 
fresh-water  trout,  according  as  it  is  more  or  less  conlined  to  small  streams  or 
to  the  deeper  waters  of  our  lakes,  presents  an  appearance  so  different  as  to  have 
passed  hitherto  for  two  perfectly  distinct  species  in  the  eyes  of  most  ichthyolo- 
g-ists.  It  is  well  known  that  the  size  of  the  basin  and  the  relative  abundance  of 
food*  have  much  influence  on  the  dimensions  of  the  fish.  The  little  brook  trout 
which  most  zoologists  still  distinguish  under  the  name  of  Sahno  ausonii,  is  in 
fact,  in  my  opinion,  nothing  more  than  a  form  of  the  great  trout  of  our  lakes, 
which  is  called  according  to  circumstances  TriUta  lacustris,  T.  scMffcrviiUlcn, 
Fario  marsigUi,  or  Salmo  lematms.  Most  of  the  characters  proposed  for  its 
distinction  are  those  of  the  early  age  of  the  fish.  In  a  small  stream  the  trout, 
which  cannot  grow  for  want  of  room,  arrives  at  an  advanced  age,  retaining  more 
or  less  the  characters  of  infimcy.  It  would  be  still  more  surprising  to  meet  with 
trout  of  30  lb.  in  a  few  inches  of  water." 

Perhaps  it  will  be  as  well  to  here  refer  to  the  eggs  of  the  fresh- water  trout, 
which  have  been  forwarded  to,  and  been  the  progenitors  oi  the  species  in  Austral- 
asia, and  it  will  be  exceedingly  important  to  clearly  follow  this  out,  as  attempts 
have  been  made  to  show  that  they  may  be  hybrids.f  The  origin  of  these  fish 
were  due  to  Frank  Buckland  having  at  Admiral  Keppel's  request  collected  I2U0 
ova  from  his  preserves  on  the  Itchen,  and  forwarded  them  as  a  present  from  him 
to  Mr.  Youl.  Mr.  Francis  Francis  also  sent  two  lots,  about  800,  from  Mr.  Spicer  s 
mill  at  Alton-on-the-Wey,  and  about  700  from  Mr.  Thurlow's  mill  at  High 
Wycombe,  Buckinghamshire,  and  all  were  packed  and  dispatched  by  Mr.  Youl.J 
No  subsequent  shii)ment  of  fresh- water  trout  ova  has  been  successful,  at  least  up  to 
the  date  of  Mr.  Nichols'  work.  These  original  eggs  arrived  at  the  breeding  ponds 
in  Tasmania,  on  April  21st,  1864.  The  first  successful  trout  hatching  m  Otago, 
New  Zealand,  ]\Ir.  Arthur  reported,  occurred  in  October,  18G8,  from  800  ova 
obtained  from  the  natural  spawning  beds  of  the  brook  trout,  Salmo  fario,  m 
Tasmania  ;  these  and  a  second  lot,  the  subsequent  year,  formed  the  whole  of  the 
original  stock,  some  of  which  were  first  liberated  in  the  streams  m  November  as 
was  also  vouched  for  by  Mr.  Allport  in  the  Proceedings  of  the  Zoological  Societi/ 

Unless  all  these  gentlemen  have  been  mistaken,  it  is  abundantly  clear  that  the 
original  stock  of  fresh-water  trout  in  New  Zealand  came  from  Tasmania,  and 
were  descendants  from  those  raised  from  the  eggs  sent  out  by  Mr.  Youl.  And 
now  comes  the  inquiry  have  these  fishes  retained  the  exact  characters  of  those 
from  which  they  were  sprung,  or  have  new  surroundings  developed  differences  ? 
The  late  Mr.  Arthur,  C.E.,  who  took  so  warm  an  interest  in  the  trout,  informed 
us  that  in  New  Zealand  they  spawned  from  about  the  middle  of  June  to   the 

*  Professor  Forel,  Nature,  1886  (p.  195),  m-iting  of  the  fauna  and  flora  o  Lake  Lcman, 
observed  that  the  principal  agents  affecting  life  in  the  lake  are  temperature  and  hgUt,  ot  less 
importance  are  the  shape  and  capacity  of  its  basin,  the  matters  dissolved  in  or  held  in  suspension 
by  its  waters,  and  the  movements  (for  the  most  part  superficial)  to  which  its  waters  are  subject. 
Light  is  a  far  more  important  feature  than  temperature.  It  is  at  a  depth  of  30  metres  or  where 
chlorophyle-forming  vegetation  ceases,  that  he  separates  the  littoral  from  the  deep  regions  of  the 
lake  ;  the  actinic  action  of  light  ceases,  at  50  metres  in  summer  and  at  100  metres  only  in  winter 
when  the  water  is  more  transparent.  In  the  deep  region  aU  tends  to  calm,  rest,  and  absence 
of  movement,  uniformity,  monotony,  equality,  no  motion,  no  variation,  and  characters  only 
comparable  with  those  of  the  deep  sea.  The  population  is  denser  in  the  upper  part  of  the  deep 
region  than  it  is  in  the  lower,  but  even  in  the  deepest  part  life  is  present.  The  greater  part  ot 
the  species,  invertebrates,  are  evidently  the  descendants  of  the  inhabitants  of  the  shallow  waters, 
and  differ  from  them  chiefly  in  being  smaller  and  less  brightly  coloured  ;  the  eyes  are  wanting  in 
Giirator  coccus,  and  have  a  tendency  to  disappear  in  other  species.  t  •    m 

t  "  As  it  is  a  fact  that  numerous  cross-breeds  have  been  introduced  into,  and  reared  in  iasmania, 
which  must  more  or  less  interfere  with  the  characters  of  the  pure  breeds  Gunther,  Intro- 
duction to  the  Study  of  Fishes,  1880,  p.  642.  See  also  Mr.  Nichols'  work  on  The  Acchmatisation 
of  the  Salmonida  at  the  Antipodes,  ISS'2.  _  ,    •    -.or-,        i-n    i  ,,  i^n 

t  See  letter  by  Mr.  Youl  to  The  Fisherman's  Marjazine  and  Ecview,  vol.  i,  1804,  eutilled  \V  ho 
sent  the  trout  ova  to  Tasmania  "  (p.  429). 
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end  of  September,  according  to  locality,  in  tlic  coast  streams  from  June  1st 
to  the  end  of  August,  and  in  the  Wakatipu  streams  in  September.  In  certain 
rivers  the  trout  now  seem  to  be  migratory,  so  it  would  almost  look  as  if  they 
were  commencing  to  be  anadromous  like  the  sea  trout,  for,  as  observed  by  Mr. 
Arthur,  migration  appears  to  be  the  refuge  of  trout  in  Otago  when  planted  in  a 
stream  deficient  in  size,  range  of  water  and  food.  Thus  the  largest  trout 
disappear  from  the  waters  of  Leith,  except  during  the  breeding  season  (see 
p.  7  ante).  As  to  the  colours  and  markings  of  those  in  the  rivers  of  Otago, 
considerable  variations  are  seen,  a  general  feature  being  that  females  of  any  age, 
and  from  any  stream,  arc  silvery  with  black  spots,  red  ones  being  seldom  present 
or  numerous,  while  the  males  are  darker  with  a  tendency  to  yellow  on  the  sides 
and  belly ;  at  times  they  are  very  golden  and  as  a  rule  they  have  red  spots,  some- 
times large  and  numerous,  the  shape  of  the  black  spots  always  being  round  on  the 
gill-covers,  shoulders,  dorsal  and  adipose  fins,  but  varying  on  the  body  from 
round  to  rectangular  and  x  -shaped  spots  towards  the  tail.  The  theory  that  a 
salt-water  residence  occasions  black  spots  to  become  of  an  X  -shape  is  not  borne 
out  by  facts.  For  example,  trout  of  both  sexes,  in  clear  and  white  water  with  a 
light  bottom,  as  in  the  Shag  river,  Pomahaka,  and  Wakatipu  lake,  are  silvery  and 
have  black  spots  mostly  x -shaped  ;  bright  silveiy  females  with  fine  heads  and 
X  -shaped  spots  may  often  be  seen,  that  might  easily  be  taken  for  sea  trout. 
While  the  Waiwera  and  Waipaki  rivers,  which  have  dark  bottoms,  produce  trout 
of  the  golden  variety,  with  most  of  the  black  spots  rounded  in  form.  The  food 
in  these  four  rivers  is  much  the  same.* 

Another  experiment  on  the  dissemination  of  trout  may  likewise  be  alluded  to 
in  this  place.  When  at  Ootacamund  on  the  Neilgherry  Hills  in  the  Madras 
Presidency  in  1863,  I  observed  a  deficiency  of  fish  in  the  waters  of  the  upper 
plateau.  These  mountain  ranges  embrace  a  geographical  area  extending  over 
268,494  square  miles  ;  their  peaks  vary  from  6000  to  8000  feet  above  the  sea,  and 
Ootacamund  is  7426  feet  above  the  sea  level,  with  an  annual  mean  temperature 
of  68°68'  Fahr.  I  proposed  to  the  Governor  of  Madras  attempting  to  introduce 
fresh-water  ti'out  from  England  by  means  of  their  eggs,  and  attempted  it  in 
1866,  and  although  I  failed,  Mr.  Mclvor,  acting  on  knowledge  acquired  in  my 
failure,  succeeded  in  1868  in  bringing  out  some  trout  fry  from  Loch  Leven,  which 
in  due  time  bred  in  their  new  home,  where,  as  will  be  subsequently  adverted  to, 
they  developed  red  spots  which  are  generally  absent  from  the  true  Lochleven 
trout,  t 

*  Mr.  Arthur  (Trans.  Otago  Institute,  July  9th,  1878)  also  remarked  that  unhke  the  Scotch 
trout,  which  according  to  Stoddart  show  a  yearly  increase  of  about  one-third  of  a  pound  in  weight, 
in  Otago  they  grow  so  rapidly  and  arc  so  fat,  that  they  have  reached  an  average  yearly  increment 
of  from  1  lb.  to  2f  lb.  Already  the  various  streams  have  stamped  the  trout  with  local  peculiari- 
ties: in  some  they  are  plump  almost  to  deformity ;  their  proportions  are  not  constant  neither  are 
their  colours,  while  examples  have  been  seen  up  to  20  lb.  in  weight.  In  1882,  one  31  inches  long 
and  weighing  19  lb.  was  caught  at  Tcmuka,  its  flesh  was  of  a  pale  orange :  in  1881  Mr.  Gwatkin 
captured  one  in  Canterbury,  that  turned  the  scale  at  21  lb. 

The  foregoing  facts  corroborate  the  view  that  all  our  forms  of  trout  are  varieties  of  one  species, 
and  the  hybrids  we  hear  so  much  about  are  not  mules  but  mongrels,  being  the  result  of  the 
crossing  of  varieties  of  one  species.  Consequently  sterility  need  not  be  anticipated  ;  but,  on  the 
contrary,  improvement  is  more  likely  to  ensue  (should  there  be  no  deficiency  in  food)  than  when 
the  stock  is  bred  in  and  in. 

f  Dr.  Giinther,  in  Tlic  Zoological  Record  of  18C7,  remarked  of  the  above  experiment  that  "  an 
attempt  to  introduce  trout  into  the  waters  of  the  Neilghcrry  Hills  has  failed  (as  has  been  foreseen 
by  all  acquainted  with  the  nature  of  Salmonoid  fishes)."  In  The  Journal  of  the  Linnean  Society, 
187('>,  Zoology,  vol.  xii,  p.  562,  I  recounted  how  trout  had  bred  on  the  Neilgherry  Hills,  and  I 
exhibited  at  a  meeting  of  the  Society  an  example  raised  at  Ootacamund  G-5  in.  in  length.  Only 
the  name  of  the  paper  was  admitted  into  Tlie  Zoological  Bccord  for  1S7G.  In  my  Fishes  of  India 
and  Ceylon,  Part  III,  August,  1877,  p.  508, 1  gave  a  short  sketch  of  what  had  been  done  in  Madras, 
and  figured  the  Neilgherry  specimen  of  trout,  life  size,  Plate  cxviii,  iig.  3,  but  all  reference  to 
it  was  omitted  from  Tlie  Zoological  Becord  for  1877.  Dr.  Giinther  subsequently  remarked  in  his 
Introduction  to  the  Study  of  Fis]ies,  1880:  "  Thus,  the  river  trout  or  sea  trout  were  very  proper 
subjects  for  those  eminently  successful  attempts  to  establish  them  in  similar  latitudes  of  the 
southern  heiBisphere,  whilst  the  attempt  of  transferring  them  into  the  low  hill  streams  of  India 
ended  (as  could  be  foreseen)  in  a  total  failure  "  (p.  (ill).  In  these  observations  Dr.  Giinther 
appears  to  have  overlooked  the  following : — Firstly,  that  streams  at  upwards  of  7000  feet  above 
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Colours.— YarrcW  observed,  vespcctin,tr  ilio  (Ustinctioiis  o£  Rrltish  Salinonida', 
"too  miicli  reliance  lias  been  placed  upon  colour  without  resorting-  .suirn-Rnlly  to 
those  external  indications  i'ounded  on  ortrjinie  structure,  which  may  with  greater 
certainty  bo  depended  upon."  l':xainples  of  brook  troiit  have  been  often  found 
on  ndfrmting  to  the  sea,  to  assume  the  brilliant  silvery  livery  of  the  migratory 
Salmonoids,  as  well  as  their  x  -shaped  spot.  Mr.  Harvie-Brown  remarked,  June 
12th,  1882,  on  having  captured  at  Darness  several  so-called  sea  trout  from  a  sea 
pool' or  first  pool  at  the  mouth  of  the  river,  fresh- water  at  low  tides,  salt  or 
brackish  at  high  tides.  From  their  silvery  appearance  they  were  known  as  sea 
trout,  but  were  the  river  form  acclimatized  to  brackish  or  nearly  salt  water,  or 
periodically  visiting  such  between  tides. 

]\Iany  observers  have  remarked  upon  the  fact  that  fresh-water  trout  may  live 
in  salt  water.  Mr.  Francis  Francis,  in  The  Field,  May  10th,  1879,  stated  that 
when  introducing  salt  water  into  a  tank  in  the  Brighton  Aquarium,  which  Avas 
inhabited  by  some  salmon  par,  there  was  at  the  time  among  them  a  common  trout. 
It,  too,  took  to  the  salt  water  very  kindly,  fed  smartly,  and  grew  rapidly. 
"Aquarius,"  in  The  Field,  July  11th,  1885,  stated  he  had  seen  the  brown 
trout,  Salmo  fario,  taken  in  the  open  sea,  as  have  many  others;  while,  that 
specimens  still  having  their  fresh- water  dress  are  occasionally  captured  m  the  sea 
or  brackish  waters,  is  known  to  most  persons  who  fish  these  latter  localities. 

I  think  the  foregoing  tends  to  show  that  the  silvery  sterile  Loch  Lomond  trout 
is  simply  a  variety  in  colour  of  the  common  fresh-water  species ;  that  this  colour 
has  been  observed  in  sterile  forms  previously ;  that  our  brook  trout  may  be  found 
in  salt  water  as  well  as  in  fresh  without  deleteriously  affecting  its  health  ;  that 
local  geological  conditions  or  states  of  the  fresh  water  in  which  trout  live  has  like- 
wise been  observed  to  produce  this  result  in  their  colour ;  and,  in  short,  that  our 
pretty  speckled  brook  trout  may  change  into  a  silvery  and  anadromous  form, 
ascending  rivers  at  certain  seasons  in  order  to  continue  its  kind. 

I  have  already  (p.  145)  shown  that  silvery  forms  like  sea  trout  may  be  found 
permanently  residing  in  fresh  water,  that  our  speckled  trout  may  live  in  salt 
water  and  take  on  the  silvery  livery  of  the  marine  anadromous  form,  and  we  now 
come  to  the  changes  perceptible  when  living  in  the  streams  and  lakes  of  the 
British  Isles.  For  the  colours  and  forms  of  our  fresh-water  trout  are  very 
dissimilar,  at  a  first  glance  few  would  believe  that  the  silvery  Lochleven,  the 
large  Thames  trout  and  the  puny  residents  of  Cornish  streams  were  all  one  and 
the  same  species.  While,  forty  years  since,  Stoddart  in  his  Angler's  Gompamon, 
1847,  p.  3,  remarked  that  "unquestionably  there  exists  no  species  of  fish  which, 
judging  of  it  by  the  external  marks,  holds  claim  to  so  many  varieties  as  the 
common  fresh-water  trout.  In  Scotland  almost  every  lake,  river,  and  streamlet 
possesses  a  breed  peculiar  in  outward  appearance  to  itself."* 

the  sea  can  hardly  be  correctly  defined  as  "  low  hill  streams."  Secondly,  as  the  fish  have 
bred  on  these  Madras  Hills,  the  experiments  can  scarcely  be  classed  among  failures,  llespccting 
this  last,  opinions  may  possibly  differ,  but  that  trout  have  been  introduced  into  the  streams  on 
the  Koondahs  ought  to  be  recorded,  or  at  some  future  date  on  examples  being  captured  another 
species  may  perchance  be  added  to  the  present  superabundant  supply  !  -,  •.     ^  -i    * 

*  Lord  Home  in  YarrelVs  Fishes  observed  of  two  streams,  the  Whitadder  and  its  tributary 
the  Blackadder,  that  the  first  flows  along  a  very  rocky  and  gravelly  bed,  while  the  latter  rises  in 
mosses,  also  goes  through  them  in  the  first  half  of  its  course,  but  subsequently  along  a  rich  and 
highly  cultivated  district.  The  trout  in  the  first  are  silvery  in  colour,  worthless  as  food  :  while 
those  from  the  Blackadder  are  dark  with  orange  fins,  but  their  flesh  is  excellent.  The  many 
varieties  are  dependent  upon  external  causes  and  chiefly  to  the  abundance  or  the  reverse  of  lood 
and  the  nature  of  the  water  they  reside  in  or  the  soil  over  which  it  flows.  Knox,  Lone  0'<^««  o./ 
Scotland,  1854,  p.  10,  remarked,  "  In  Scotland  there  are  at  least  four  distinct  species  of  trout. 
He  then  enumerated  from  an  angler's  point  of  view  the  following  seven  which  he  recordcil  as 
separate  species :  "  1,  the  dark-spotted  lake  trout.  2,  the  red-spotted  estuary  trout :  tliese  are  the 
best  of  their  kind,  they  have  pink-coloured  flesh  and  arc  excellent  to  eat.  3,  the  red-spotted 
common  river  trout,  with  pale  flesh  and  tasteless.  4,  the  piuk-coloured  red-spotted  common 
river  trout,  chiefly  found  in  England.  5,  the  par-trout,  rather  better,  when  fed  in  certain  rivers, 
than  the  common  red-spotted  trout,  but  never  equal  to  the  pink-coloured  fish.  0,  the  dark- 
spotted  river  trout,  of  whose  natural  liistory  I  know  but  Uttle,  although  I  beheve  such  a  trout 
exists.     And  7,  the  Salmo  fcrox  or  great  lake  trout  of  the  north." 
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In  streams  where,  due  to  some  local  cause,*  the  trout  are  small,  it  is  not 
uncommon  to  perceive  the  par  bands,  as  well  as  the  black  and  red  ocellated  spots 
retained  throughout  life.f  I  found  this  obtained  among  some  from  brooks  near 
Penzance,  similarly  so  in  Scotch  burns  and  Welsh  mountain  streams:  in  fact,  they 
were  as  brilliant  as  young  salmon  pars,  to  which  their  colours  bore  a  striking 
resemblance.  Although  we  must  anticipate  estuary  and  fresh-water  trout  to  be 
more  vividly  coloured  than  are  those  leading  a  more  strictly  marine  life,  still 
among  the  former  the  numerous  variations  in  tints  and  markings  have  been 
explained  in  more  than  one  manner,  as  the  nuptial  season,  the  effects  of  temporary 
emotions,  of  age,  or  the  state  of  the  fish's  health,  or  its  food. 

Clear  water  in  rapid  rivers  or  lakes,  especially  when  the  bottom  is  pebbly,  is 
seen  to  contain  somewhat  silvery  fishes,  with  black  X-shaped  spots.  Sir  William 
Jardine  remarked  that  a  variety  very  frequent  among  trout  in  small  Alpine  lochs 
in  Scotland  had  large  dark  or  red  spots  placed  in  a  pale  or  clear  surrounding  field, 
these  marks  being  very  large,  while  the  principal  part  of  the  spotting  was 
confined  to  the  centre  of  the  body.  I  have  likewise  obtained  this  form  of  coloured 
trout  from  deep  holes  in  the  course  of  burns,  but  the  spots  have  been  present  all 
over  the  fish,  while  they  have  also  been  recorded  from  Wales. 

The  colour,  depth,  temperature,  and  character  of  the  water  also  have  an 
influence  on  the  fish,  the  presence  of  moss  and  peat,  or  a  muddy  bottom,  causing 
a  dark  tint  to  be  assumed,  while  some  captured  in  dark  holes  or  caves  have  been 
seen  nearly  black. 

The  coloui's  of  the  Sahnones  may  be  shortly  summed  up  as  silvery,  with  or 
without  black  spots]:  among  the  marine,  and  some  resident  in  large  clear  pieces  of 
water,  as  lochs  or  rivers :  more  or  less  speckled  with  black  and  red  when  non- 
migratory  and  living  in  fresh  Avaters  :  while,  should  the  race  be  small,  a  persistence 
of  the  transverse  bars  or  bands  on  the  body,  which  are  j^resent  in  most  of  the 
young,  may  be  observed  even  in  adults.  Irrespective  of  changes  in  colour 
externally,  a  difference  of  food  may  occasion  it  in  the  flesh  of  these  fishes,  whether 
the  alteration  in  diet  is  due  to  choice  or  to  necessity.  Thus  Crustacea  and  their 
allies,  which  appear  to  colour  it  red  or  pink,  may  be  absent  from  the  locality  these 
fish  frequent,  or  if  present  they  may  not  relish  that  food  so  much  as  some  other 
which  exists  in  the  water.  In  certain  rivers  there  are  trout  with  white  and  others 
with  red  flesh,  the  two  forms  being  in  good  health  and  equally  delicate  for  the 
table.  This  has  also  been  observed  in  the  American  char,  Salmo  fontinalis, 
introduced  into  this  country,  and  in  which  it  has  been  clearly  traceable  to  the 
food  upon  which  it  subsists. 

In  some  races  of  our  fresh-water  trout  the  males  have  been  said  to  develop 
at  the  breeding  season  a  knob  or  hook  at  the  upper  end  of  the  lower  jaw,  while 
other  forms  have  been  erroneously  stated  to  be  deficient  in  it.  This  sexual 
development,  however,  is  seen  in  all  races  of  our  fresh-water  trout,  provided  the 
specimens  are  permitted  to  live  to  a  sufiicient  age,  while  in  some  well-fed  examples 
as  in  Lochlevens  at  Howietoun,  I  have  observed  it  at  the  third  season.  There  is 
in  its  mode  of  development  but  little  difference  from  what  takes  place  in  the 

*  Percy  St.  John  (in  Wild  Sjmrts  of  the  West,  p.  240)  remarked  that  he  "never  observed  the 
effect  of  bottom  soil  upon  the  quality  of  fish  so  strongly  marked  as  in  the  trout  taken  in  a  small 
lake  in  the  county  of  Monaghan.  The  water  is  a  long  irregular  sheet,  of  no  great  depth,  one 
shore  bounded  by  a  bog,  the  other  by  a  dry  and  gravelly  surface.  On  the  bog  side  the  trout  are 
of  the  dark  and  shapeless  species  peculiar  to  moory  loughs,  while  the  other  affords  the  beautiful 
and  sprightly  variety,  generally  inhabiting  rapid  and  sandy  streams.  Narrow  as  the  lake  is,  the 
fish  appear  to  confine  themselves  to  their  respective  limits :  the  red  trout  being  never  found  upon 
the  bog  moiety  of  the  lake,  nor  the  black  where  the  under  surface  is  hard  gravel." 

t  Mr.  Harvie-Brown  has  informed  me  of  a  dwarf  trout  said  to  exist  in  loch  Mulach  Corrie 
in  Sutherlandshire  which  appears  to  be  "a  small  but  apparently  adult  form  about  the  size 
of  a  big  minnow  and  very  rarely  got.  It  may  be  the  young  of  the  so-called  gillaroo,  but  if  so  it 
is  a  curious  departure  as  it  is  utterly  without  par  bands." 

J  We  must  not  forget  that  brook  trout  vary  greatly  in  colour  even  when  in  the  same  locality  ; 
thus  Ephemera  in  1853  remarked  of  those  in  the  Wandle  that  such  as  "  feed  under  the  cover  of 
the  trees,  or  lie  perdus  under  banks  or  artificial  '  hides '  during  sunshine,  are  dark  brown  and 
yellow;  those  that  frequent  the  unshaded  streams  with  a  clear  sandy  bottom  are  of  a  silvery 
hue"  (p.  274). 
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salmon  (p.  57  a?i^e),tliis  ^rowtli,  consisting  of  iibrous  connective  tissue,  increases 
at  the  brccdinfT  period,  and  in  seven-year-old  lisli  at  Ilowietoun  it  is  in  advunco 
of  the  upper  jaw  when  the  nioutli  is  closed,  ofleu  formlnf,'  a  sore  surface  in  front 
of  the  preinaxillaries.  In  measuring  tlic  proportions  of  the  parts  ol  the  head  of 
several  specimens  I  found  that  whereas  the  lower  jaw  was  as  long  or  very  nearly 
as  long  as  seen  in  old  lish,  the  distance  from  the  nostrils  to  the  end  of  the  snout 
only  equalled  1-^-  diameters  of  the  eye,  whereas  in  old  salmon  it  eciuals  2  diameters 
of  the  orbit.  At  Howictoun  my  observations  had  to  stop  at  this  point  as  fish  over 
this  ago  are  not  kept,  but  it  was  clear  that  should  the  upper  jaw  extend  in  the  same 
proportionate  length  as  in  the  salmon,  the  knob  would  be  inside,  not  outside  the 
mouth.  In  Atigust,  1883,  I  received  from  Mr.  Arthur,*  of  Otago,  an  old  male 
trout,  S.  fario,  weighing  21  lb.  and  32  in.  in  length,  and  this  completed  my  series, 
the  upper  jaw  had  elongated  as  in  the  salmon  and  the  hook  was  now  inside  the 
mouth.  Whether  this  soft  hook  ever  completely  absorbs  is  questionable,  but  the 
older  the  fisli  the  larger  the  knob,  and  in  very  old  specimens,  due  to  an  elongation 
of  the  bones  of  the  snout  and  upper  jaw,  it  is  found  inside  the  mouth  ;  here  it  may 
cause  ulceration,  impossibility  of  moving  the  preinaxillaries,  and  death  from  starva- 
tion. In  the  mandible  at  its  anterior  end  the  rami  arc  ossified  together  without  any 
appearance  of  a  suture.  Abroad  groove  (0-3  of  an  inch)  passes  from  above 
down  the  front  of  the  symphysis  and  having  a  crest  or  ridge  along  each  side,  this 
ridge  being  elevated  above  the  plane  of  the  dentary  bone.  Also  anteriorly  the 
foremost  portion  of  the  lower  jaw  has  both  turned  as  well  as  grown  upwards  and 
the  teeth  from  one  ramus  to  the  other  forms  an  unbroken  band.  The  hook  or  knob 
is  attached  to  the  whole  extent  of  the  groove  in  front  of  the  jaw  and  also  to  a 
small  portion  of  the  superior  and  inner  edge  of  the  lower  jaw.  Small  knobs  are 
occasionally  seen  at  the  end  of  the  lower  jaw  in  female  trout. 

Respecting  fins  some  authors  have  seen  diflerences  in  the  size  and  shape  of 
the  pectorals,  as  assisting  in  discriminating  a  species,  but  in  all  forms  of  our  trout 
it  may  be  rounded  in  the  very  young,  become  a  little  more  pointed  after  the  second 
year  and  again  more  rounded  after  the  third  or  fourth  season.  The  outlines 
shown  below  arc  taken  from  fish  between  5-G  and  22  inches  in  length,  from  a 
burn  in  Stirlingshire,  a  stream  on  the  Cotteswolds  in  Gloucestershire,  and  from 
two  examples  of  Lochleven  trout  raised  at  Howietoun  :  the  features  in  all  being 
much  the  same.  The  number  of  pectoral  rays  is  immaterial,  as  I  find  in  my  own 
collection  brook  trout,  and  even  in  the  British  ]\Iuseum  specimens  labelled  as 
S.  nigripinnis,  S.ferox,  and  8.  fario  possessing  from  13  to  15. 


Fig.  42.  Outlines  of  pectoral  fins  of  trout.  1,  from  burn  trout 
from  Stirlingshire,  male,  5-G  in.  long:  2,  ditto,  female,  6-7  in. 
long :  3,  brook  trout  from  Gloucestcrsliire,  male,  8  in.  long  :  4, 
ditto,  9-G  in.  long  :  5,  Lochleven  trout  from  Howietoun,  male, 
12  in.  long :  6,  ditto,  female,  22  in.  long. 

*  Mr.  Arthur,  of  Otago,  wrote  on  February  10th,  1885,  respecting  "  the  hook  on  lower  jaw  of 
males  I  have  never  missed  examining  the  heads  of  all  trout  that  I  have  seen  here,  and  I  never 
yet  saw  a  male,  old  or  young,  which  had  lost  the  hook.  You  may  lay  it  down  as  a  fact  that  no 
such  thing  has  occurred  here.  But  I  have  observed  the  greater  length  of  this  mark  and  softness 
of  the  point  during  spawning  than  during  summer  among  trout  of  equal  weights.  I  saw  a  male 
lately  of  10  lb.  or  12  lb.  where  the  hooked  mandible  projected  a  good  half  inch  beyond  the  inter- 
maxillary  and  yet  no  indication  of  anything  like  shedding  it  as  teeth  may  be  cast. 
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Dr.  Giinther  observed  in  the  yellow-fin  case,  1872  (p.  127),  another  important 
matter  is  the  form  of  the  caudal  fins.  "  In  Salmo  fario,  which  requires  a  special 
kind  of  caudal  fin  for  locomotion  in  running  water,  it  is  different  from  the  same 
fin  in  ;S'.  fruffa,  which  are  fish  which  go  do\vn  to  the  sea  to  comparatively  still 
water.  Those  fish  living  in  the  river  require  a  much  stronger  caudal  fin,  and 
you  find  that  in  Salmo  fario  the  caudal  fin  is  wholly  of  strong  rays  and  the  lobes 
become  more  obtuse  and  rounded,  and  it  is  in  fact  a  short  paddle."  If  the  reader 
will  compare  the  outlines  of  caudal  fins  in  S.  trutta  (p.  156  ante\  sewin  (p.  163 
ante),  and  the  brook  trout  (p.  199),  he  will  probably  see  reasons  for  doubting 
the  soundness  of  these  statements. 

Ca'cal  appendages. — So  many  erroneous  statements  and  still  more  erroneous 
deductions  have  been  made  respecting  the  number  of  ca3cal  appendages  present 
in  the  fresh-water  trout,  that  it  becomes  necessary  to  enter  upon  the  subject  a 
little  in  detail.*  Among  those  personally  examined  and  respecting  which  notes 
have  been  kept,  many  from  Suthei^landshii^e  had  from  46  to  50  ;  one  from 
Yorkshire  35 ;  from  the  stream  at  Colesbourne  in  Gloucestershire  34,  34,  38,  38, 
39  ;  from  the  Windrush  39,  42,  45,  45,  49 ;  in  six  from  Cardiganshire  from  35 
to  44.  Dr.  Hamilton  found  in  two  examples  in  Inverness-shire,  27  and  40. 
Pamell  never  found  upwards  of  49  in  Scotland. 

As  regards  Lochleven  trout,  Richardson  found  73,  Parnell  80,  and  Giinther 
from  49  to  90,  while  at  Howietoun  1  have  found  them  vary  form  48  to  82  in 
the  male  fish  and  between  45  and  66  in  the  female,  as  will  be  subsequently  given 
more  in  detail. 

Among  the  examples  of  Salmo  fario  in  the  British  Museum  collection,  the 
number  of  the  ceecal  appendages  have  been  recorded  as  follows : — one  from  the 
Dee  with  44  ;  one  from  Northumberland,  44  ;  two  from  Shropshire,  34,  34 ;  many 
from  the  Usk,  40  to  45  ;  one  from  Buckinghamshire,  41  ;  and  seven  from  the 
Wandle,  39,  41,  41,  42,  47,  49,  51 ;  one  from  Hampshire,  47  ;  and  one  from  the 
Erme,  44, 

Mr.  G.  Sim,  a.l.s.,  of  King  Street,  Aberdeen,  has  been  good  enough  to 
make  the  following  obervations  on  the  casca  of  fresh-water  trout :  he  considers 
that  in  such  wild  forms  as  have  been  fed  luxuriously,  these  organs  are  always  larger 
and  have  thicker  walls  than  ordinary,  while  underfed  ones  have  them  short  and 
with  feeble  coats.  Most  of  the  following  were  taken  in  lochs  or  streams  where 
no  introduction  of  other  forms  has  occurred.  Males :  eighteen  from  Aberdeen- 
shire, 29,  33,  38,  38,  39,  41,  44,  46,  47,  48,  49,  49,  49,  54,  55,  55,  56,  69;  seven 
from  Kincardineshire,  32,  36,  38,  39,  40,  40,  41.  Females:  twenty-three  fi'om 
Aberdeenshire,  30,  36,  37,  39,  39,  39,  43,  43,  43,  44,  44,  44,  44,  45,  47,  47,  47,  47, 
48,  50,  51,  52,  59  ;  sex  not  recorded,  four  from  Aberdeenshire,  44,  45,  50,  61. 
Males  in  Aberdeenshire  showing  an  average  of  50  cceca,  in  Kincardineshire  of  38. 
Females  in  Aberdeenshire  44,  those  of  sex  not  recorded,  50 :  thus  giving 
a  variation  between  30  and  69  and  a  general  average  of  about  46  of  these 
appendages  for  the  52  examples. 

Passing  on  to  the  number  found  by  the  late  Mr.  Arthur  to  be  present  in  our 
brook  trout  raised  in  New  Zealand,  we  find  he  recorded  that  from  seven  male 
and  twenty-seven  female  fish  taken  from  nine  different  rivers,  a  lake,  and  the 
Otago  harbour,  these  appendages  ranged  from  37  to  55  in  the  males,  with  a  mean 
of  48*7,  and  from  33  to  61  in  the  females,  with  a  mean  of  47'3. 

It  would  appear  from  the  foregoing  figures  that  considerable  variations  are 
perceptible  among  trout  even  when  residing  in  the  same  locality  and  under  the 
same  conditions.  Whether  deficiency  or  mal-assimilation  of  food  is  competent 
to  reduce  the  number  or  size  of  these  organs,  or  rich  living  to  increase  them,  are 
qiiestions  that  cannot  as  yet  be  decided.  But  it  is  remai'kable  that  forms  from 
the  south  of  England  reared  in  Australasia  under  warmer  conditions  and  possibly 
more  abundant  food  have  developed  from  probably  38  to  48  up  to  61.  That  this 
may  be  due   to  this  cause,   a  rather  con-oborative  case  has  occurred  :    for  on 

*  See  the  numbers  of  cix-ca  attributed  to  each  form  of  trout  by  different  British  authors 
(p.  11  ante). 
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dissecting  a  i-ainbow  trout,  Salnw  iruhus,  at  Ilowietoun,  in  March,  1887,  which 
had  been  liatchcd  and  I'oarcd  in  that  establishiuciit,  instead  of  41  of  these 
appendages  which  it  is  said  to  possess  in  its  native  liill  streams,  it  had  71. 
And  it  is  common  for  some  continental  varieties  living  in  largo  lakes  to  have 
these  appendages  angmented  in  number. 

Again  from  some  cause,  as  will  liave  to  be  again  referred  to  when  discussing 
the  Lochleven  trout,  when  i"emoved  to  localities  whei'c  they  delei'iorate,  tliu 
number  of  these  appendages  may  become  reduced. 

Instances  of  vai'iation  in  the  number  of  these  appendages  are  as  frequent  as 
variations  in  the  external  colours  of  the  fish,  probably  even  more  so,  for  local 
causes  occasion  forms  to  have  some  colour  characteristic  of  the  locality,  whereas 
in  the  number  of  ca3ca  no  such  constancy  prevails.  In  the  foregoing  instances  it 
may  be  roughly  stated*  that,  excluding  the  Lochleven  race  of  trout,  the  number  of 
appendages  obsei-ved  to  the  south  of  the  Bi'itish  Isles  has  been  found  from  33 
to  51,  and  in  Scotland  from  27  to  G9.  "While  the  southern  form  in  New  Zealand 
has  developed  from  33  to  61.  As  to  the  Lochlevens  they  have  been  recorded 
between  48  and  90 :  the  only  constancy  in  short  to  bo  found  in  these  organs 
consists  in  their  inconstancy,  but  taking  a  wide  expanse  of  rivers  and  waters  for 
examination,  they  are  as  a  general  rule  more  in  number  to  the  north  in  the 
British  Isles  than  to  the  south,  similar  in  fact  to  what  obtains  in  the  races  of 
sea  trout. 

It  has  seemed  to  me  that  at  the  commencement  of  the  angling  season  I  have 
found  in  some  waters  where  trout  subsist  largely  on  water  snails,  Lininea,  that  the 
coats  of  the  stomach  are  thicker  at  these  periods  than  they  are  after  the  May  fly 
season  when  they  have  a  more  varied  diet  and  do  not  appear  to  restrict  themselves 
so  much  to  these  snails. 

Vertebra},  respecting  the  number  present  in  fresh-water  trout,  I  have  found 
from  57  to  59  in  Sutherlandshire,  from  57  to  60  from  the  Windrush  in  Glouces- 
tershire, 57  to  59  from  the  Churn  on  the  Cotteswold  Hills  and  56  to  57  in  the 
Tivi.  Mr.  G.  Sim,  A.l.s.,  examined  fourteen  examples  from  Aberdeenshii^e  :  in 
five  males  he  found  68,  58,  58,  58,  59 ;  in  three  from  Kincardineshire,  59,  59,  59. 
In  six  females  from  Aberdeenshire  58,  58,  58,  59,  59,  60,  showing  a  variation  in 
numbers  from  58  to  60. 

Dr.  Giinther  found  in  the  northern  form  from  59  to  60,  and  the  southern  form 
57  to  58;  out  of  the  fourteen  examples  in  the  British  Museum  collection  there  is 
one  from  the  Lyne  with  59,  one  from  the  Isle  of  Man  with  58,  one  from  Northum- 
berland 60,  three  from  Cumberland  58,  58,  59,  two  from  Shroj^shire  58  and  60, 
two  from  the  Usk  58,  58,  one  fi-om  the  Rhymney  58,  one  from  Buckinghamshire 
58,  and  two  from  Hampshire  57,  57. 

The  foregoing  figures  would  seem  to  demonstrate  that  the  number  of  vertebra) 
in  the  fresh-water  trout,  irrespective  of  whether  it  is  taken  to  the  north  or  south 
of  the  British  Isles,  varies  between  56  and  60. 

It  is  very  evident  that  there  is  as  close  a  relationshijD  between  the  anadromous 
marine  trout  and  the  non-migratory  fresh- water  forms  as  between  the  anadromous 
and  the  land-locked  salmon.  Thus  the  anadromous  sewin  or  sea  trout  of 
Welsh  rivers  crosses  with  brook  trout,  and  fertile  oflspring  are  the  result  (see 
p.  144a«^e).  So  also  does  the  so-termed  Galway  sea  trout,  S.  estuarins  ov  gaUivensis: 
while  the  phinoc  or  whitling  (p.  160  ante)  passes  by  similar  gradations  into  the 
brook  trout,  or  as  observed  by  Sir  H.Davy  in  Sahno7iia,  p.  70,  "  The  river  and  sea 
trout  seem  capable  of  changing  permanently  their  places  of  residence." 

I  will  now  pass  on  to  enumerate  the  various  forms  of  fresh- water  trout  existing 
in  the  British  Isles,  and  which  have  been  termed  species.  In  thus  separating 
them  such  is  done  merely  for  the  sake  of  easy  reference  to  the  writings  of 
authors,  but  not  with  any  idea  that  most  of  them  even  deserve  to  be  classed  as 
distinct  races. 

*  Doubtless  increased  investigations  will  show  far  more  variations  in   number  than  given 
above. 
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Variety.    Brook  Trout.    Plates  V,  VI,  VII  and  VIII. 

Trutfa  fuviafiUs,  Will.  p.  199  ;  Ray,  p.  65  ;  Sibbald,  Scot.  Illus.  no.  25.  Trotct, 
Pennant,  Brit.  Zool.  (Ed.  1776)  iii,  p.  297,  pi.  lix,  and  (Ed.  1812)  iii,  p.  399, 
pi.  Ixx. 

Salmo  fario,  Linn.  Syst.  Nat,  i,  p.  509 ;  Bloeli,  Ich.  t.  xxii,  xxiii ;  Gmel. 
Linn.  p.  1367  ;  Bl.  Schn.  p.  400  ;  Turton,  Brit.  Fauna,  p.  103  ;  Bonn.  Ency.  Ich. 
p.  160,  pi.  Ivi,  f.  266  ;  Donovan,  Brit.  Fislies,  iv,  pi.  Ixxxv  ;  Risso,  Ich.  Nice, 
p.  322  and  Eur.  Merid.  iii,  p.  460  ;  Flem.  Brit.  An.  p.  181 ;  Jardine,  Edin.  New 
Phil.  Journal,  xviii,  p.  51  and  Salmonidse,  t.  v-xii ;  Richards.  Faun.  Bor.  Anier. 
p.  144,  pi.  xcii,  fig.  3 ;  Jenyns,  Manual,  p.  424 ;  Parnell,  Wern.  Mem.  vii,  p.  304, 
t.  XXX,  and  Fish.  Firth  of  Forth,  p.  144,  t.  xsx  ;  Kroyer,  Dan.  Fisko,  ii,  p.  625, 
c.  fig. ;  Nilss.  Skand.  Faun.  p.  415  ;  White,  Catal.  p.  77  ;  Gronov.  ed.  Gray, 
p.  152  ;  Giglioli,  Catal.  Pesc.  Ital.  p.  44  ;  Steind.  Ak.  Wiss.  Wien.  liii,  1866, 
p.  203 ;  Day,  British  and  Irish  Fislies,  ii,  p.  95,  pis.  cix,  f.  3,  cxiii,  cxiv,  and 
cxvi,  f.  1. 

Salmo  trutla,  Laccpede,  v,  p.  189. 

Salmo  fario,  \ar.  forestensis,  Bl.  Schn.  p.  400. 

Salar  ausonii,  Cuv.  and  Val.  xxi,  p,  319. 

Fario  lemanus,  Cuv.  and  Val.  xxi,  p.  300,  pi.  617. 

Trutia  fario,  Siebold,  Suss.  w.  f.  p.  319;  Canestrini,  Fauna  d'ltalia,  Pesci, 
p.  24 ;  Moreau,  Poiss.  France,  iii,  p.  533. 

Variety.    Lochleven  Trout.     Plate  VI  and  Plate  VII,  figs.  1  and  2. 

Salmo  levencnsis,  Walker,  Wcrnerian  Memoirs,  i,  p.  541  (1808),  a^nul  Neill; 
Walker,  Posthumous  Essays  on  Natural  History  (1812)  ;  Hamilton,  British  Fishes, 
(1843),  vol.  ii,  p.  139  :  Yarrcll,  Brit.  Fishes  (ed.  2),  ii,  p.  117  (ed.  3),  i,  p,  257; 
Giinther,  Catal.  vi,  p.  101  ;  Couch,  Fishes  Brit.  Isles,  iv,  p.  243,  pi.  ccxx  ;  Houghton, 
Brit.  Freshwater  Fishes,  p.  123,  c.  fig. ;  Day,  British  and  Irish  Fishes,  ii,  p.  92, 
pi.  cxvi,  figs.  2  and  2a. 

Salmo  tanriiia,  or  Loclileven  lull  trout.  Walker,  Essays,  1.  c.  (largo  examples). 

Lochleven  trout,  Richardson,  Fauna  Bor.-Amer.  1836,  p.  143  ;  Knox,  Journal 
Linncan  Society,  Dec.  19,  1854. 

Salmo  CKcifer,  Parnell,  Trans.  Royal  Society  of  Edinhnrgh,  xiv,  1837,  p.  154, 
pi.  viii,  Fishes  of  the  Firth  of  Forth,  p.  306,  pi.  xxx,  and  Wern.  Mem.  vii,  p.  146, 
pi.  xxx. 

Highland-trotit,  Dr.  Hamilton. 

Variety.     Crasspuill  Trout.*     Plate  V,  fig.  3. 

Day,  British  and  Irish  Fishes,  ii,  p.  100. 
Silvery  trotU. 

*  B.  xi-siii,  D.  12-13  (J-J;^),  P-  14,  V.  10,  A.  11  (g),  L,  1.  125,  L.  t.  27/32.  Cffic  pyl.  46. 

The  lish  from  this  inland  Suthcrhmdshirc  loch  are  popularly  rcj^'ardcd  as  land-locked  sea 
trout  because  of  their  silvery  colour.  Mr.  Archibald  Youu^,',  H.M.  Inspector  of  Scotch  Fisheries, 
observed  (Juue  5lh,  ISCO,  MbS.),  that  "  there  is  a  counnunication  between  the  loch  and  the  sea, 
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Variety.    Estuary  Trout.* 

Salmo  cMuarins,  Kuox,  Lono  Clens  of  Scotland,  1854,  p.  29,  and  Tlie  Zoologist, 
1855,  xiii,  p.  iGG2  ;  Day,  Brit,  and  Irish  Fishes,  ii,  p.  99,  pi.  cix,  f.  3. 

Salmo  riallivensis,  (Gruuthcr,  Catal.  vi,  p.  88;  Houghton,  Brit.  Freshwater 
Fish,  p.  105,  c.  fig. 

though  now  too  much  blocked  up  to  allow  the  fish  to  pass."  Their  fin  rays  are  similar  to  those 
of  burn  trout ;  a  transverse  row  of  teeth  is  present  across  tlie  hind  portion  of  the  head  of  the 
vomer,  iind  a  double  row  alon;,'  its  body.  The  preopercle  lias  a  distinct  lower  limb  in  some,  indistinct 
in  others,  while  the  shape  of  the  subopercle  varies.  FiiiK — the  pectoral  is  as  long  as  the  liead 
excluding  the  snout.  Scales — 125  rows  alonfi;  the  lateral-line,  15  from  the  base  of  the  adipose 
dorsal  to  the  lateral-line,  25  from  the  lateral-lino  to  the  base  of  the  ventral  fin.  Cwcal  api)eiula(je8 
— 4G  in  the  one  examined.  Length  of  head  1^  to  5  in  the  total  length.  Co^ohm— silvery,  with 
the  upper  two-thirds  of  the  body  and  head  closely  covered  with  X  -shaped  or  round  black  spots, 
and  in  two  of  the  examples  a  few  red  spots,  which  were  mostly  confined  to  the  lateral-line.  Loch 
Crasspuil  has  a  pure  white  sandy  bottom,  which  probably  accounts  for  their  silvery  colour.  When 
fresh  caught  their  backs  are  of  a  vivid  green,  varying  to  pale  sea-green  and  dark  olive,  in 
accordance  with  the  deptli  of  the  water  in  which  they  live.  Dorsal  fin  covered  with  black  spots. 
These  fish  have  the  silvery  appearance  of  anadromous  forms,  and  attain  to  3  lb.  or  4  lb.  weight. 
The  Eev.  Mr.  Coates,  on  September  Ifith,  188G,  transmitted  a  specimen,  13  in.  long,  from 
Loch  Lomond,  to  The  Field  office,  requesting  information  as  to  what  sort  of  trout  it  was.  He 
observed  that  "  similar  fish  are  occasionally  caught  in  Loch  Lomond,  and  whether  they  are  loch 
trout  or  sea  trout  is  a  matter  of  dispute  among  local  anglers.  It  has  been  suggested  that  loch 
trout  may  go  down  to  the  salt  water,  and  there  assume  the  silvery  scales  of  the  sea  trout ;  others 
hold  this  to  be  impossible,  and  it  is  a  matter  of  considerable  interest  to  local  anglers." 

The  specimen  from  Loch  Lomond,  judging  by  the  dentition,  was  unmistakably  a  fresh-water 
trout.  It  had  a  double  row  of  teeth  along  the  whole  extent  of  the  body  of  the  vomer,  while  its 
other  more  distinctive  characters  were  as  follows  :  Forty-two  cacal  appendages,  fifteen  rows  of 
scales  between  the  lateral-line  and  the  base  of  the  dead  fin,  and  its  maxilla  extended  to  behind  a 
level  from  the  hind  edge  of  the  eye.  The  fish  was  of  a  silvery  colour,  with  numerous  black  spots 
bn  its  head  and  body,  and  five  red  spots  on  the  lateral-line  in  its  posterior  half,  also  a  few 
additional  ones  both  above  and  below ;  dorsal  fin  spotted,  but  without  any  white  edge,  but  a 
slight  white  edging  existed  in  the  front  part  of  the  anal  fin. 

Mr.  J.  Harvie-Brown  {Land  and  Water)  observed  that  at  a  far  inland  locality  in  Sutherland- 
shire,  brown  trout,  dark  and  spotted,  were  caught  in  1877,  and  introduced  to  a  chain  of  lochs  in 
the  same  county,  which  have  their  sources  in  innumerable  springs  of  clear  water  from  granite 
and  hmestone  mountains  (principally  the  former,  as  the  hmestone,  for  the  most  part,  is  at  a 
lower  level).  These  fish  became,  in  a  single  year,  silvery  and  covered  with  minute  bright  scales 
Uke  sea-trout,  and  grew  to  the  size  of  1  lb.  weight  in  twelve  months,  from  at  most  ^  of  a  lb.  The 
food  in  the  loch  is  shell-fish  and  tadpoles,  and  the  bottom  granite,  gravel  and  sand.  _  Did  this 
species  run  up  rivers,  doubtless  it  would  take  on  the  colours  of  the  brook  trout,  as  it  has  its 
dentition. 

Habitat. — Loch  Crasspuill,  in  Sutherlandshire,  the  example  being  a  female,  O'B  inches  in  length. 
*  Knox  appears  to  be  the  first  who  elevated  yellow  trout  found  frequenting  estuaries  into  the 
rank  of  a  species  :  in  this  Dr.  Gunther  appears  to  have  coincided  but  omitted  all  reference  to 
Knox's  statements  and  re-named  the  fish.  The  first  author  took  his  at  the  month  of  the  Nith, 
and  also  recorded  it  from  the  sea  in  the  Kyle  of  Bute,  Loch  Fyne,  the  Forth,  and  the  Esk  in 
Yorkshire.  Although  he  found  the  dentition  similar  to  other  trout  he  counted  (JO  vertebra;  and 
36  Cffical  appendages,  the  longest  measuring  1  in.  (the  fish  appears  to  have  measured  12-5  in.  in 
length).  Dr.  Gunther  described  his  from  Galway  specimens,  and  recorded  51)  vertebraj  and 
44  cffica,  the  young  with  9  par  bands.  The  ca3cal  appendages  he  considered  short,  being  1  in.  in 
length  in  a  fish  18  in.  long.  Some  examples  sent  at  the  same  time  from  the  same  place  are 
considered  for  the  greater  part  to  be  hybrids.  Couch,  British  Fishes,  iv,  p.  230,  observed,  "A  well- 
grown  trout  has  been  brought  to  me,  that  was  caught  at  a  considerable  distance  from  a  river  or 
fresh  water.  Under  such  circumstances  a  material  alteration  takes  place  in  the  colour  of  the 
fish,  which  becomes  of  a  rich  dark  brown  with  an  aggravation  of  the  other  characteristic  tints. 
It  is  believed  that  these  migratory  examples  in  no  long  time  return  to  their  native  river :  at 
which  season  again  their  appearance  is  so  changed  that  they  have  been  judged  a  distinct  species, 
and  we  believe  that  they  are  the  same  which  Dr.  Knox  has  denominated  the  Estuary  Trout." 
Day,  BritisJi  and  Irish  Fishes,  figured  one  from  Waterford  where  they  are  common.  They  have 
been  recorded  from  other  locaHties.  Mr.  Ogilby,  Royal  Dublin  Society,  1885,  p.  527,  observed 
that  the  estuary  trout  about  Portrush,  in  Ireland,  is  known  as  dolachan,  and  appears  to  be  a  large 
brook  trout  residing  the  greater  portion  of  the  year  in  tidal  reaches,  ascending  the  streams  about 
October.  Their  colours  are  as  follows :—"  For  about  two-thirds  of  the  length  and  one-third 
above  the  lateral-hne,  the  body  is  thickly  studded  with  brick-coloitred  spots,  about  the  size  of  a 
threepenny  piece,  the  upper  part  being  covered  with  similarly  sized  brown  spots,  while  from  head 
to  tail  there  is  a  distinct  lead-coloured  longitudinal  band,  comprising  about  four  rows  of  scales 
below  and  two  above  the  lateral-line.  These  fish,  though  living  so  long  in  salt  or  l)rackish  water, 
never  assume  a  silvery  appearance  ;  in  fact,  some  of  the  most  brilliantly  coloured  and  spotted 
trout  that  I  have  ever  seen  were  taken  in  almost  pure  salt  water,  close  to  the  mouth  of  the  liann." 
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Variety.    Orkney  Trout.* 

The  Salmon,  Low,  Fauna  Oread,  p.  220  (part). 

Salmo  orcadensis,  Giintlier,  Catal.  vi,  p.  91;  Houghton,  Brit.  Fresh-water 
Fishes,  p.  121 ;  Day,  British  and  Irish  Fishes,  ii,  p.  96,  pL  cxiv,  f.  1. 

Variety.     Cornish  Trout.f 

Trout,  Borlase,  Cornwall,  p.  263,  pi.  xxvi,  f.  1. 

Sahno  cornuhiensis,  Walb.  Artedi,  iii,  p.  65  ;  Bl.  Schn.  p.  421  ;  Day,  British 
and  Irish  Fish,  ii,  p.  97,  pi.  cxiii,  fig.  2. 

Sahno  nigripinnis,  Glinther,  Catal.  vi,  p.  96 ;  Houghton,  British  Fresh-water 
Fishes,  p.  120,  c.  fig. ;  Day,  Brit,  and  Irish  Fish,  ii,  p.  98,  pi.  cxv,  f.  2. 

*  Mr.  Low  stated  that  in  the  Loch  of  Stennis,  Orkneys,  as  well  as  in  Zetland,  were  found  the 
gray  trout :  also  a  trout  of  36  lb.  weight  or  more,  along  with  the  common  trout.  ^  This  large  form 
Eichardson  considered  identical  with  ,S'rt/)«o  ferox  with  saline  proclivities,  but  Giinther  found  m 
it  another  new  species  which  he  termed  ,S'.  orcadensis.  This  loch  is  the  largest  in  the  Orkneys, 
about  9  miles  long  and  Ii  broad,  fresh  in  the  upper  portion,  brackish  or  even  salt  m  the  lower. 
Dr.  Giinther  believed  the  fish  very  similar  to  S.nigyipinnis,  but  distinguished  from  it  by  a  broader 
and  strono-er  maxillary,  larger  scales  on  the  tail  and  a  greater  number  (50)  of  pyloric  appendages, 
instead  of  from  36  to  42,  while  ,S'.  ferox  has  at  least  49.  The  teeth  along  the  body  of  the  vomer 
form  a  single  or  double  row  whicli  are  more  or  less  persistent.  This  fish  is  an  estuary  form  of 
the  brook  trout  similar  to  that  already  described. 

Life  Instory.—I  cannot  here  do  better  than  give  Low's  account  of  the  Orkney  Salmon— a  fish 
which  he  observed  ought  almost  to  be  denied  a  place  in  his  Natural  History,  because  the  nature 
of  the  country  will  not  allow  salmon  fishing  in  fresh  waters  as  there  is  not  a  single  stream  in  the 
country  where  a  salmon  would  be  safe,  even  for  an  hour,  except  in  the  loch  of  Stennis.  There 
can  be  no  doubt  but  that  there  are  salmon  in  the  salt  water  although  he  had  only  heard  of  four 
instances  of  such,  and  three  (if  they  were  salmon)  were  killed  and  brought  on  shore  by  otters 
from  the  sea  and  picked  up  subsequently  by  the  country  people,  while  the  fourth  stuck  in  a 
mill-wheel  and  was  caught  by  the  miller.  In  his  time,  however  (prior  to  1795),  Low  had  been 
informed  of  a  salmon  fishery  which  had  formerly  existed  at  the  mouth  of  the  Loch  of  Stennis, 
and  of  heritors  who  have  such  fishing  in  their  charters,  the  old  people  still  showing  a  place  where 
cruives  were  placed,  but  such  had  long  since  been  give  up.  Vast  quantities  of  salmon,  he  continued, 
were  caught  in  the  rivers  of  Caithness,  which  are  right  against  and  only  separated  from  the 
Orkneys  by  the  Pentland  Frith,  and  from  thence  he  supposed  stragglers  came. 

When  Mr.  A.  Young  held  an  inquiry  into  the  Orkney  Salmon  Fisheries  in  1860 :  it  was  said 
that  there  seems  no  doubt  but  that  a  close  time  is  much  needed  in  Orkney,  as  the  trout  were  taken 
at  every  time  of  the  year,  whether  in  spawning  season  or  not,  and  any  or  every  instrument  was 
used  that  was  the  most  destructive,  from  the  otter  to  the  sweep  net.  Some  six  years  ago  an 
epidemic  took  place  among  the  fish  in  the  Loch  of  Stennis,  when  they  were  to  be  found  m  the 
houses  of  all  the  small  farmers  in  close  proximity  to  the  loch  hanging  up  in  the  tops  of  their  houses, 
like  so  many  red  herring.  This  loch  is  the  largest  of  the  Orkney  lochs  ;  it  is  about  nine  miles 
long  by  one  and  a  half  broad,  at  its  greatest  breadth.  It  is  divided  by  a  bridge,  called  the  Bridge 
of  Brogar  :  some  people  call  the  upper  loch  the  Loch  of  Harray,  and  the  lower  one  Loch  of 
Stennis,  but  it  is  generally  known  as  the  Loch  of  Stennis.  The  water  in  the  lower  loch  is  brackish, 
while  the  upper  one  is  fresh.  The  water  in  the  lower  loch  runs  in  a  rapid  stream  towards  the 
sea,  which  connects  it  with  the  Bay  of  Ireland.  A  great  number  of  sea  trout  come  up  this  stream 
in  autumn  for  the  purpose  of  spawning.  There  are  many  estuaries  or  burns  running  into  this  loch, 
where  the  fish  are  caught  in  large  quantities,  sometimes  as  large  as  from  7  lb.  to  14  lb. 

Eespecting  the  size  attained  by  the  Orkney  fresh-water  or  estuary  trout,  one  in  excellent 
condition  was  reported  having  been  taken  in  Gracmshall  Loch  with  a  fly,  early  in  May,  1886, 
which  weighed  8  lb.  2  oz.  ;  about  10  lb.  seems  to  be  the  largest  lately  recorded.  Mr.  Ueid,  Land 
and  Tr«ft'?C  September  11th,  1886,  observed,  "  Mr.  Cowan,  Kirkwall,  in  giving  evidence,  said  that 
the  largest  trout  he  had  caught  was  4h  lb.,  but  they  were  got  up  to  8  lb.,  9  lb.,  and  10  lb.  He  had 
heard  of  a  sea  trout  caught  in  a  net  in  Orkney  and  weighing  20^  lb.,  and  had  seen  one  so  caught 
12.1  lb.  Mr.  Bruce  stated  that  he  had  seen  one  so  caught  weighing  141b.,  and  Mr.  Robert  Tulloch, 
merchant,  Kirkwall,  said  the  largest  trout  he  had  caught  weighed  4i  lb.,  but  they  were  taken  up 
to  81b.,  9  1b.  and  101b. 

t  The  Cornish  trout  of  Borlase  is  a  form  mostly  residing  in  small  streams,  and  m  which  the  par 
finger  marks  are  continued  through  life,  unless  under  changed  and  improved  conditions,  it  increases 
beyond  its  general  size,  when  with  augmented  size  these  markings  disappear.  It  and  the  black- 
finned  trout  of  Dr.  Gunther  are  evidently  nearly  if  not  quite  identical  and  might  be  included  with 
the  great  lake  trout,  Salmo  ferox,  into  which  it  may  develop  in  suitable  localities,  a  subject  which 
will  be  alluded  to  further  on.  In  six  examples  of  black-finned  trout,  Salmo  nigripinnis,  the 
ca3cal  appendages  varied  from  35  to  44.  In  some  of  these  fish  the  posterior  margin  of  the 
preopercle  was  rounded  and  had  no  distinct  lower  limb.  These  Cardiganshire  fish  in  the  Tivi 
are  found  to  4  lb.  or  5  lb.  weight,  but  rarely  if  ever  take  a  fly  when  so  large,  but  are  to  be  caught 
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Vm^ctij.    Great  Lake  Trout.*    riato  VIII,  fig.  1. 

Salmn  lacustri's,  Bcrkenliout's  Syn.  Ed.  1795,  i,  p.  79,  sp.  3. 
Sahno  fcrox,  Jardinc,  Ency.  Brit.  (ed.  7)  Art.  Anglino-,  p.  142,  and  Edin.  New 
Phil.  Journal,  xviii,  p.  55,  and  Saliu.  pi.  iv  ;  Jenyns,  Manual,  p.  425;  Yarrcll 

by  means  of  a  minnow.  Small  ones  removed  to  a  pond  attain  in  about  three  years  to  3  lb.  or 
3h  lb.  in  size,  their  desh  is  pinkish,  and  their  flavour  said  to  be  excellent.  Out  of  8  examples, 
G  had  no  red  spots,  1  had  them  along  the  lateral-line,  and  the  last  had  them  both  on  the  lateral- 
line  and  in  one  or  two  rows  below  it.  .  ,        i  i       i  i 

If  a  trout,  normally  belonging  to  a  small  race,  as  S.  cornuhiensii^,  is  transferred  to  a  lake  or 
reservoir,  as  in  the  one  near  Penzance,  where  food  is  plentiful,  it  attains  a  size  to  which  it  never 
reaches  in  its  ancestral  stream,  showing  capacity  for  growth  to  be  inherent,  and  called  into  action 
by  luxuriant  living. 

*  The  great  lake  trout,  or  Sahno  ferox,  appears  to  be  simply  a  large  fish,  probably  an  old  one, 
which  prefers  to  live  in  lakes  at  great  depths,  and,  consequently,  when  residing  there  is  usually  ot 
a  dark  colour.  Eichardson  alluded  to  a  variety  occurring  in  Loch  Loyal,  in  Sutherland,  of  a 
purplish  brown  above,  blackish  gray  beneath,  and  the  entire  body  covered  with  dark  scpia- 
coloured  spots,  smallest  below  the  latcral-hne ;  being  very  similar  in  colour  to  the  exaniple, 
Plate  viii,  fig.  1,  from  Otago,  and  likewise  to  a  fish  from  Mulach  Corrie,  in  Sutherlandshirc, 
where  it  is  termed  a  gillaroo  {see  pi.  x,  fig.  2),  but  its  stomach  is  hardly  so  thickened  as  in  Irish 
examples.  It  is  known  as  buddagh,  or  "  big  fat  fellow,"  in  Lough  Neagh  and  some  parts  of 
Ireland  (Harris,  Hist.  Co.  Down,  1744,  p.  236),  and  as  fiadh-hhreac  in  Gaelic,  in  the  Highlands  of 
Scotland,  and  is  said  to  be  a  deep-water  form  confined  to  lakes,  seldom  wandering  to  rivers  or  to 
the  sea,  mostly  taken  by  trolling  though  sometimes  with  a  fly.  It  has  been  known  to  return  a 
second  or  third  time  to  the  bait,  even  after  it  has  been  previously  hooked  and  dragged  forty  or  fifty 
yards.  Thompson  found  one  from  10  to  12  lb.  weight  contained  4620  ova.  Its  flesh  is  of  a  dull 
orange  colour  and  generally  coarse.  „   i  •.   .i.    ,,         i  i  i 

Among  our  earlier  British  ichthyologists  we  find  that  Berkenhout  called  it  the  "great  lake- 
trout,"  5'.  lacustris  (under  which  name  it  appears  in  Sampson's  Londonderry  and  Dubourdieu  s 
Co.  Down),  supposing  it  to  be  identical  with  the  continental  variety.  Jardine  and  Selby  termed 
ours  S.  fero.v,  the  specific  name  having  been  chosen  to  characterize  its  size  and  voracious  habits. 
Moreau"(vol.  iii,  p.  534)  placed  among  the  synonyms  of  Triitta  (or  Sahno)  fario,  "La  Forelle  du 
Lac  Leman,  Fario  Lemanus  •;'  and  at  p.  536  observed,  "  La  Tndte  feroce,  Trutta  Jerox,^  Valenc., 
des  eaux  du  Foretz  est  une  simple  vari6t6  de  la  Truite  vnlgaire,  et  nullement  une  espece  parti- 
culiere."  In  fact,  the  great  lake  trout  of  Geneva  is  the  Sahno  ferox  of  lakes  in  Wales,  the  north 
of  England,  Scotland  and  Ireland,  and  merely  a  form  of  our  fresh-water  trout.  It  has  been 
recorded  as  attaining  to  60  lb.  in  weight.  i      i      i  •    i  a 

Dr.  Giinther  laid  great  stress  on  the  "  preoperculum  being  crescent-shaped,  the  hinder  ana 
lower  margins  passing  into  each  other  without  forming  an  angle ;"  but  this  form  is  not  rare  in 
undoubted  brook  trout.  The  example  figured  from  Otago,  raised  from  eggs  of  our  own  brook 
trout,  was  20f  in.  long  and  16  lb.  weight  {see  fig.  44,  p.  197).  _  ^   ^x      ,       ^    ,      . 

Dr  Giinther  likewise  asserted  that  structural  difference  between  it  and  the  brook  trout 
existed  among  the  specimens  in  the  British  Museum,  showing  that  .S'.  Jerox  possessed 
56  to  57  vertebrffi  and  43  to  49  casca,  while  S.  fario  had  57  to  60  vertebrte  and  33  to 
47  casca.  Thompson  found  56  vertebrae  in  a  gillaroo.  I  have,  however,  now  shown  (p.  1»J) 
that  examples  of  S.  fario  may  have  from  56  to  60  vertebras,  and  likewise  from  33  to  bl 
cffica;  thus  overlapping  the  entire  amount  of  variations  ascribed  to  British  forms  Sir  William 
Jardine  stated  that  "the  dorsal  fin  in  S.  ferox  contains  15  rays,  and  appears  to  be  constant  in 
that  number;"  and  that  "in  form  it  is  generally  shorter  proportionally  and  deeper  than  large 
specimens  of  S.  fario."  Sir  J.  Eichardson  distinguished  between  the  great  lake  trout  and  brook 
trout  by  the  size  attained.  The  tail  "  in  adults  is  perfectly  square,  or  might  even  be  described 
as  slightly  rounded  at  its  extremity ;  in  the  young  it  is  slightly  forked,  and  appears  to  fill  up 
gradually  as  the  fish  advances  in  age."  The  relative  position  of  the  fins  and  the  number  ot  rays 
in  the  dorsal,  were  said  to  vary  from  2-4/11  or  a  total  of  from  13  to  15.  Thompson  observed  that 
he  found  from  33  to  49  Cffica  in  six  examples  of  S.  ferox  from  12  to  17  inches  in  length. 

Undoubted  examples  of  our  common  brook  trout  have  from  13  to  15  dorsal  rays  :  Moreau 
likewise,  in  French  specimens  of  the  brook  trout,  found  3  or  4  undivided  and  9  to  11  divided  rays 
in  the  dorsal  fin,  also  3  undivided  and  7  to  9  divided  anal  rays  :  while  as  to  the  caudal  fin 
being  square  in  adults,  so  it  also  is  in  large  examples  of  the  brook  trout  {see  p.  199).  iarrefl 
(ed  3,  i,  p.  281)  gave  an  illustration  of  a  large  Thames  trout  (a  locality  not  frequented  by  S.  ferox 
according  to  authors),  in  which  the  caudal  fin  was  as  rounded  as  in  any  examples  of  great  lake 
trout  of  similar  size.  It  was  a  male,  28  in.  long,  having  a  hooked  lower  jaw  while  it  weighed 
11  lb.  The  comparative  length  of  the  head  and  height  of  the  body  are  almost  identical  with  wfiat 
obtains  in  an  example  of  .S'.  ferox,  20  in.  long,  from  Llanberris,  and  which  is  in  the  Britisn 
Museum.  I  examined,  a  few  years  since,  a  specimen  (which  is  still  preserved)  of  trout,  weighing 
upwards  of  13  lb.,  taken  from  a  large  sheet  of  water  at  Alresford  in  Hampshire,  which  is  well 
stocked  with  coarse  fish.  This  was  one  of  about  a  dozen  that  some  years  previously  had  been 
transferred  from  the  contiguous  stream,  to  which  they  could  not_  subsequent  y  obtain  access. 
Without  a  history  of  from  whence  the  fish  came,  I  maintain  that  no  ichthyologist  could  be  certain 
whether  any  given  specimen  is  or  is  not  a  "great  lake  trout."    The  New  Zealand  specimen 
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(ed.  1)  ii,  p.  GO,  c.  fig.  (ed.  2)  ii,  p.  110  (ed.  3)  i,  p.  288  ;  Richards.  Fauna  Bor.- 
Amer.  Fisli.  p.  144  ;  Nilss.  Skan.  Faun.  p.  412  ;  White,  Catal.  p.  78  ;  Guntlier, 
Catal.  vi,  p.  92 ;  Day,  Brit,  and  Irish  Fishes,  ii,  p.  96,  pL  cxiv,  f.  2  (monstrosity). 

Solar  ferox,  Cuv.  and  Val.  xxi,  p.  338. 

Lahe  trout  or  Buddagh,  Couch,  Fish.  Brit.  Isles,  iv,  p.  222. 

Poivan-eater,  Loch  Lomond.     JDolachans  in  Ireland  when  small. 

Variety.    Gillaroo  Trout.* 

The  Gillaroo,  Barrington,  Phil.  Trans.  Royal  Soc.  1774,  Ixiv,  p.  116  ;  Watson 
1.  c.  p.  121 ;  Hunter,  1.  c.  p.  210;  Sowerby,  Brit.  Misc.  t.  Ixi ;  Yarrell,  Brit.  Fish, 

fic'ured  is  similar  to  Sir  W.  Jardine's  original  form  of  Salmo  ferox.  Pennant  alluded  to  having 
heard  of  Irish  specimens  weighing  30  lb.  In  Sampson's  Londomlcrnj  they  were  said  to  reach 
50  lb  in  Louo-h  Neagh:  Thompson  observed  that  it  attains  upwards  of  30  lb.,  and  mentioned  one 
from  Lough  Melvin,  taken  October  19th,  1840,  of  28  lb.,  and  a  second  of  32  lb.,  sent  to  the  Dubhn 

University  Museum.  ,         ,         „  ,i  tti       x  i 

It  has  been  taken  in  Lochs  in  the  north  of  Scotland,  and  as  far  south  as  Ulswater  and 
Derwentwater,  up  to  50  lb.  or  CO  lb.  (Heysham) :  also  Llanberris  in  Wales,  and  many  Irish  lakes, 
as  Lough  Neagh,  L.  Melvin,  L.  Eske,  L.  Erne,  and,  in  short,  in  most  of  the  larger  ones.      _ 

*  This  has  been  considered  a  distinct  variety  or  even  species,  due  to  the  abnormal  thickness 
of  the  middle   coat  of  its  stomach,  otherwise,  observed  Mr.  Barrington,  there   are   no  exterior 
marks  by  which  it  can  be  distinguished  from  the  common  trout.     Pennant  asserted  that  the 
increased  thickness  of  the  stomach  proceeded  from  the  superior  quality  of  shell-fish  which  it 
finds  in  the  waters  it  inhabits,  and  which  may  call  more  frequently  for  the  use  of  its  comminuting 
power  than  is  requisite  in  those  of  our  common  trout.     Thompson  (1.  c.)  observed  that  the  coats 
of  other  species  of  Salmones  than  ,S'.  fario  (of  which  only  the  gillaroo  is  set  down  as  a  variety) 
become  muscular  from  the  same  cause.     He  alluded  to  having  found  it  in  ,S'.  ferox,  and  asks  why 
among  these  the  gillaroo  should  be  deemed  a  species,  and  other  forms  of  trout  not  so,  in  which 
the  coats  of  the  stomach  are  similarly  indicated,  one  fails  to  comprehend.     Sir  J.  Eichardson 
observed  •—"  We  may  here  note  the  existence   of  a  strongly-marked  and  peculiar  variety,  called 
the  gillaroo  trout  of  Galway.     It  is  remarkable  for  feeding  on  shell-fish,  in  consequence  of  which 
(it   is   supposed)   the  coats   of  the  stomach   acquire   a   great   degree   of  thickness,  from  which 
peculiarity  it  is  sometimes  called  the  (lizzard  trout."     Sir  H.  Davy  observed  that  "the  char  of 
the  lakes  of  Southern  Austria  feeding  similarly  (to  the  gillaroo  trout)  have  a  hke  thick  stomach.' 
Dr  J  Davy   remarked  that  the  river  trout  when  feeding  chiefly  on  incased  larva3   acquires  a 
stomach  of  unusual  thickness,  like  the  gillaroo  trout  of  many  of  the  Irish  lakes,  feeding  chic'fly 
on   shell-fish.     While   there  is  a  preparation  in   the   Hunterian   Museum  of  the  stomach  of  a 
common  gull  which  had  been  kept  alive  by  Dr.  John  Hunter,  who  had  gradually  brought  it  to  live 
entirely  on  corn.     The  muscular  parieties  were  found  to  be  as  thickened  as  those  of  the  common 
trout  would  be  did  it  select  shell-fish  as   its  diet  instead   of  softer  food.     In  the  International 
Fisheries  Exhibition  in  London,  1883,  Mr.  Capel  exhibited  two  specimens  of  trout  said  to  be 
giUaroos  reared  from  eggs  from  Lough  Melvin ;  one  died  and  was  thrown  away,  the  second  I 
obtained ;  on  opening  it,  its  stomach  was  found  to  be  similar  to  that  of  the  common  brook  trout. 
Since  then  it  has  been  observed  that  this  thickening  diminishes  or  entirely  disappears  in  those  fish 
raised  in  new  localities.     It  generally  prefers  a  rocky  bottom,  and  is  said  to  breed  in  the  shallower 
parts  of  lakes,  and  not  to  ascend  rivers  for  this  purpose.     It  is  found  in  the  Shannon,  Lough 
Corrib,  Lough  Mask,  Lough  Derg,  Lough  Melvin,  &g.     The  colours  of  this  variety  may  be  due  to 
the  character'  of  the  food  it  indulges  in,  while  in  some  localities  its  flavour  is  considered  excellent,  in 
others  quite  the  reverse.     In  Lough  Melvin  they  are  somewhat  hog-backed,  fine  in  colour,  and  well 
flavoured  :  in  Lough  Derg,  soft,  colourless,  and  inferior.     Its  stomachs  are  occasionally  served  up 
in  Ireland  as  gizzards.  Thompson  obtained  from  the  stomach  of  one  example,  about  8  inches  long, 
above  1000  shells  of  Limneapcregra,  Valvata  piscinalis,  and  a  few  Splicerium  corneum.     Stoddart 
observed,  this  variety  is  found  in  a  small  tarn  or  loch,  situated  on  a  shoulder  of  Ben  More,  in 
Sutherlandshire,  about  three  miles  from  luchnadamph,  named  Mulach  Corrie.     In  June,  188G,  I 
visited  this  locality  for  the  express  purpose  of  examining  this  form,  and  obtained  a  good  number 
of  specimens,  one  "of  which  is  figured  (see  plate  x,  fig.  2).     The  colours  varied,  but  some  examples 
were  very  dark,  and  the  fins,  especially  of  the  tail,  purplish.     I  found  in  three  examples,  39,  42, 
and  45  cajcal   appendages,  while  the  stomach  was  but  little  thickened :  in  them  were   small 
Crustacea,  but  no  shells  of  any  description. 

A  discussion  on  the  gillaroo  in  The  Field  in  1881,  was  thus  concluded  by  the  editor.  _  "  To 
sum  up  the  facts  we  have  gained,  the  flavour  of  the  gillaroo  no  doubt  is  very  much  a  question  of 
locality  and  of  circumstances.  It  appears  that  some  are  of  good  flavour,  and  some  indift'ereut.  As 
to  its  gameness,  it  varies  also,  apparently,  some  fighting  well  and  some  lubberly.  Both  these 
things  may  be  said  of  trout  out  of  the  same  stream  and  the  same  reach.  With  respect  to  size, 
it  cannot  be  doubted  that  it  does  attain  a  large  size.  The  fact  of  its  being  a  very  early  spawner, 
with  great  power  of  assimilation  as  regards  its  food,  would  vouch  for  this,  if  nothing  else  would. 
We  think,  therefore,  on  the  whole,  that  it  may  be  fairly  assumed  that  it  is  a  most  desirable  fish 
to  cultivate,  which  was  the  query  started," 
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(ed.  3)  i,  p.  283;  Thompson,  Nat.  Hist.  Ireland,   iv,  p.  151;  Couch,   Fish.  Brit. 
Isles,  iv,  p.  2-10,  ]>1.  ccix. 

Salmo  slomachicu.',  Giinthcr,  Catal.  vi,  p.  95;  Houghton,  Bnt.  F.-W.  lisli, 
p.  125,  0.  fig. ;  Day,  Brit,  and  Irish  Fish,  ii,  p.  99. 

Variety.    Swaledale  Trout.*    Flatc  VIII,  fig.  3. 
Day,  British  and  Irish  Fish.  vol.  ii,  p.  100,  pi.  CXV,  fig.  1. 

Mr.  Sachs,  in  1881,  thus  described  the  gillaroo  from  Louf^h  Melvin.  "  When  taken  out  of  the 
water  it  had  a  rich  orange-coloured  belly,  its  back  and  sides  spotted  and  shaded  witli  all  the 
colours  of  the  rainbow,  pink  being  predominant.  Then  the  shape  or  form  of  a  large  gillaroo  is 
quite  different  to  other  trouts— they  arc  more  hog-backed,  larger  mouthed  and  more  lusty  lookmg. 
Wc  always  preferred  gillaroo  trout  for  breakfast,  the  flesh  being  firm,  flaky,  very  pmk,  and  very 
nice  to  eat.  ^,  ,         •  .      .  lu 

"  The  gillaroo  trout  are  usually  caught  on  the  salmon  casts,  or  on  the  rocky  points  of  the 
islands,  and  not  in  the  centre  of  the  lake,  where  the  large  (Black  Lough,  so  called)  or  lake  trout 
abound."  He  continued  that  there  is  a  gillaroo  at  the  Piscatorial  Society  of  7  lb.,  with  the  shell 
contents  of  its  gizzard  on  a  heap  in  the  case.  "This  iish,  with  others  of  my  catching,  was 
exhibited  at  the  Royal  Westminster  Aquarium  in  1877,  and  was  caught  from  Lough  Conn,  near 
Ballina.  They  call  them  gillaroo,  or  red  trout;  but  they  are  quite  a  different  fash  to  those  m 
Lough  Melvin"-  they  are  not  so  hog-backed  nor  rainbow-coloured  at  all.  One  at  Moy  Hotel  weighs 
14  lb  "  Another  correspondent  of  The  Field  remarked  that  "  the  accounts  given  of  the  Lough 
Melvin  gillaroo  do  not  at  all  apply  to  that  Iish  in  Lough  Derg,  where  they  seem  to  gro\y  to  a  very 
much  larger  size.  They  are  rarely  taken  under  2  lb.  weight,  and  are  not  nearly  so  beautifuUy 
shaped  and  coloured  as  the  silvery  trout  of  the  Lough.  Nor  do  they  give  at  all  the  same  sport.  A 
silvery  trout  of  2  lb.  will  make  a  far  better  fight  for  his  life  than  a  gillaroo  of  G  lb.,  and  is  in  every 
respect  a  better  fish.  In  fact,  I  look  on  a  gillaroo  as  a  most  inferior  kind  of  trout,  and  almost 
the  worst  fish  that  swims.  His  flesh  is  a  pale  yellow,  is  strong,  dry,  andcoarse  Our  si  ver  trout 
cannot  be  beaten  by  any  in  the  world,  and,  if  cooked  and  eaten  within  an  hour  or  two  after 
capture,  are  as  near  perfection  as  it  is  possible  for  fish  to  be.  Though  good  next  day,  and  for 
several  days  after,  still  they  are  very  far  inferior  to  the  fish  when  fresh  out  of  the  water  My 
boatman,  while  waiting  for  me  last  June,  killed  a  gillaroo  of  8  lb.,  a  fine-lookmg  fish,  but  like  all 
his  kind.  I  cannot  understand  how  they  can  be  a  distinct  species  of  fish,  as  they  are  never  xound  of 
small  size  in  the  lough  or  tributaries,  and  it  seems  as  if  their  peculiar  habits  of  feeding  on  smaU 
shell-fish  had  developed  a  peculiarly  strong  stomach  and  a  gizzard,  as  it  is  often  called,  it  one 
were  to  iudge  by  appearances,  there  are  several  varieties  of  trout  in  the  lough ;  and  1  have  often 
laid  out  three  or  four  specimens,  side  by  side,  that  it  would  seem  rash  to  say  were  the  same 
species.  We  are  also  told  that  in  Lough  Derg,  where  I  fished  many  years,  and  where  I  have 
caught,  I  suppose,  thousands  of  trout,  but  never,  '  to  my  knowledge,'  have  I  caught  a  gillaroo  of 
less  than  3  lb.  I  have,  however,  killed  them  up  to  near  10  lb.,  and  hooked  them  much  larger  I 
beUeve  they  spawn  at  the  same  time  and  in  the  same  way  as  other  trout.  '  Again,  we  were  told  by 
another  angler  that  "  during  several  years'  knowledge  of  the  lake  I  never  saw  a  gillaroo  above  a 
pound  in  weight,  and  once  only  heard  of  a  3  lb.  fish.^  Still,  there  is  no  reason  why  this  fish 
might  not  have  attained  to  greater  size  than  at  present."  ,  ■    ■,     t  ^       ,     +i,„  «^^,r,,^^ 

Mr.  Francis  Francis  considered  that  in  Loch  Melvin  "  there  are  four  kmds  of  trout-the  common 
trout,  which  is  like  the  lake  trout  of  most  lakes,  and  does  not,  as  a  rule  run  above  f  lb.  or  1  lb. ;  the 
Rillaroo,  which  rarely  runs  so  small  as  that;  the  Black  Lough  which  is  the  ferox  and  the  young 
of  the  ferox  (about  the  only  place  I  know  where  one  often  happens  on  young  feroxes) ;  and 
a  silvery  trout,  such  as  may  be  found  in  Loch  Ard  and  Loch  Lomond,  which  I  believe  to  be  a  sea 
trout  which  has  lost  his  way  and  breeds  without  going  to  the  sea  No  one  can  fail  to  spot  the 
gillaroo  as  soon  as  he  is  taken  ;  his  superior  size,  lovely  colour  golden  hues  big  spots  and  hand- 
some shape  are  at  once  remarkable  out  of  all  the  trout,  and  I  have  had  all  four  o  them  in  ray 
basket  at  the  same  time.  I  say  nothing  of  his  superior  firmness  and  flavour  which  are  quite 
as  remarkable.  But  what  I  want  to  get  at  is,  is  it  breed,  or  wha  is  it  ?  Do  they  BP^w^^t/^ 
same  time  as  other  trout?  and,  if  so,  how  and  where?  and  what  probably  would_  be  the  effect 
of  introducing  them  into  a  stream?  Of  course,^ at  present  they  are  only  known  in  lakes  ;  can 
they  be  advantageously  introduced  into  rivers  ? "  ,   .,    i    ,«-   n  10-       ..+    ro    .    ,. 

*  B.  xi,  D.  12-13  (ii%),  P.  13-14,  V.  9,  A.  10-11  (^2^),  L.  1.  125,  Crcc.  pyl.  3o :  vert.  58  +  x 
This  beautiful  variety,   which  is  comparatively  rather  broad,   was  given  me  in    1882   by 
Mr     G     Brooks,   f.l.s.,   who  informed  me  that  it  was   found   in  Oxnot  Beck,   Swaledale,   m 
Yorkshire.    On  July  21st,  188C,  I  was  again  furnished  with  five  more  specimens  by  Mr.  Brooks 

^'"Thei'e'iTa  cSSderable  difference  in  the  form  and  proportions  of  the  several  examples. 
T«'^/,— situated  in  pairs  along  the  body  of  the  vomer,  and  five  across  the  hind  margin  of  the 
head  of  hat  bone.  ^Colours-it  is  the  most  beautifully-tinted  form  that  I  have  seen  being  finely 
Shu  led  with  black  and  red  dots  placed  in  a  light  circle,  and  likewise  with  numerous  blue  marks  or 
spo  s  with  bluish  borders.    Its  dorsal  fin  is  finely  spotted,  but  the  white  anterior  edge  so  constant 
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Brook  Trout.*    Plates  V,  VI,  VII,  VIII,  and  X. 

(For  synonyimj  see  page  190  ante.) 

B.  x-xii,  D.  12-15  (-/_VV),  P.  13-15,  V.  9,  A.  10-12  {^%),  C.  19,  LI.  110-130, 
Vert.  56-60. 

Length  of  headf  4^  to  5yV)  in  old  males  has  been  seen  as  long  as  Sa,  and 
as  a  rale  it  is  always  longer  in  males  than  it  is  in  females,  of  caudal  fin  7  to  7|, 
height  of  body  4  to  5  in  the  total  length.  Head  much  more  pointed  in  some 
specimens  than  in  others.  Much  stress,  but  very  unnecessarily  so,  has  been  laid 
upon  the  form  and  size  of  the  pieces  of  the  gill-covers.  I  have,  therefore,  figured 
those  of  two  examples  from  the  Windrush,  in  Gloucestershire,  captured  on  June 
11th,  1886,  and  in  which  the  character  of  these  bones  was  similar  on  both  sides  of 


No.  1.  No.  2. 

Fig.  43.  Gill-covers  of  brook  trout  from  Windrush,  natural 
size.  No.  1,  58  vertebras  and  45  casca :  No.  2,  57  vertebrae  and 
49  caeca.f 

the  head  (which  is  not  always  the  case).  In  the  first  (fig.  43,  no.  1),  the  posterior 
termination  of  the  sub-opercle  is  obliquely  rounded  off,  but  in  no.  2  this  is  much 
less  the  case.  J  Species  have  even  been  partially  defined  by  a  short  lower  limb  to 
the  preopercle,  but  it  will  be  seen  (see  fig.  44,  nos.  1  and  2),  that  this  bone  becomes 
comparatively  wider  in  old  examples,  and  thus  the  length  of  this  limb  becomes 
more  or  less  obliterated.  All  gradations  between  these  two  forms  may  be  found 
in  these  fresh-water  fishes,  consequent  upon  local  peculiarities  or  age.  The  com- 
parative size  of  the  opercle,  subopercle,  and  interopercle,  to  that  of  the  head, 
changes  very  little  with  age,  quite  contrary  to  what  is  seen  in  the  preopercle.  It 
is  necessary  to  draw  attention  to  the  specimens  in  figure  43,  being  from  trout  taken 
where  the  southern  race  is  considered  to  reside,  while  the  ancestors  of  the  New 
Zealand  fish  also  came  from  the  same  area  (see  p.  183  ante).  Eyes — diameter 
4i  to  6  in  the  length  of  the  head,  varying  with  the  size  and  age  of  the  specimen, 
li  to  2  diameters'from  the  end  of  the  snout  and  the  same  apart.     In  old  breeding 

in  most  fresh-water  forms  may  be  distinct,  indistinct,  or  absent.  In  the  specimens  received  in  1886, 
there  were  distinct  finger  marks  along  the  sides,  and  numerous  red  spots  on  the  body  and  dorsal 
fin,  and  three  on  the  adipose  dorsal.  Scales — fifteen  rows  between  the  posterior  edge  of  the  base 
of  the  adipose  dorsal  in  a  line  passing  downwards  and  forwards  to  the  lateral-line.  Stomach 
thickened  and  similar  to  the  variety  termed  Gillaroo,  in  the  first  lot,  but  among  those  received  in 
1886  this  organ  was  not  nearly  so  thickened  in  a  male  specimen  examined,  while  in  it  were  tubes 
of  the  Ephemerida\  Habitat — respecting  its  exact  residence,  Mr.  Brooks  observed  that  the  upper 
part  of  the  beck  runs  over  millstone  grit,  but  as  it  leaves  the  moor  it  gets  upon  mountain  lime- 
stone, and  from  this  point,  for  a  mile  and  a  half,  to  where  it  joins  the  Swale,  it  is  composed  of 
numerous  small  falls,  with  intervening  little  dark  pools  in  which  the  trout  lie.  The  beck,  which 
is  in  a  narrow  ravine,  is  closely  overhung  all  the  way  (on  the  limestone)  by  trees,  mostly  alder, 
silver  birch  and  hazel,  but  with  a  good  sprinkling  of  elm,  mountain  ash,  &c.  The  specimen 
figured  is  a  male  9  in.  long  from  Swaledale. 

*  Salmo  irideus  from  California  has  been  introduced  into  Britain,  the  examples  at  Howietoun 
seem  to  indicate  that  it  will  develop  into  a  large  species,  probably  the  Pacific  coast  salmon,  the 
"  steel-head,"  Salmo  gairdneri. 

f  Length  of  head  is  subject  to  great  variations :  thus  in  males  at  32'5  in.  long,  I  found  it 
5  in.  the  total  length,  at  20-7  in.  4§,  at  11-4  in.  4|,  at  10-5  in.  4§,  at  8-8  in.  4|,  at  7-3  in.  4i,  at  7-2 
in.  4i,  at  7  in.  4^;  among /emaZes  at  31-5  in.  5^^rrOi  the  total  length,  at  19-2  in.  4,  at  13-3  in.  4|,  at 
12  in.  4i,  at  11-8  in.  4|,  at  10-5  in.  4^,  at  10-5  in.  4|,  at  84  in.  4| ;  for  a  further  series  of 
measurements,  see  under  the  head  of  the  Lochleven  trout. 

\  Colours  of  these  two  fish  identical,  both  captured  June  11th,  1886  ;  flesh,  white. 
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males  the  eye  is  comparatively  smaller,  ami  as  much  as  3  or  3A  diameters  from  tho 
end  of  tho  snout  and  also  apart  (see  fiff.  ID,  ]>.  1-47).  Tcdh—m  a  double  row 
along  the  body  of  the  vomer,  placed  in  pairs  in  the  very  young  and  with  a  trans- 
verse row  across  the  hind  edge  of  the  head  of  that  bone.  But  as  age  creeps  on 
the  dentigerous  ridge  along  the  vomer,  as  already  alluded  to  (pages  21,  14-G  and 


No.  1.  No.  2. 

Fig.  44.  Gill-covers  of  brook  trout  from  New  Zealaml, 
^  natural  size.  No.  1,  male,  20|  iu.  long.  No.  2,  female, 
19-2  iu.  long. 

147  ante),  begins  to  lose  some  of  its  teeth  (fig.  45,  no.  1),  and  others  commence 
being  pushed  out  from  remaining  in  pairs  (fig.  45,  no.  la)  as  they  had  been  up  to 
this  period.  For  when  the  ridge  narrows  (fig.  45,  no.  2),  the  teeth  are  of 
necessity  forced  to  assume  a  single  and  zigzag  row  (fig.  45,  no.  2a),  and  now- 
many  fall  out,  commencing  with  those  furthest  from  the  head  of  the  bone,  until 
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Fig.  45.  Vomers  of  brook  trout.  No.  1  from  example  from  Windrush, 
twice  natural  size  :  la  transverse  section  of  bone.  No.  2  from  example 
from  Loch  Assynt,  twice  natural  size :  2a  transverse  section  of  bone. 
No.  3  from  male  from  New  Zealand,  half  natural  size.  No.  4  from 
female,  New  Zealand,  half  natural  size. 

nearly  all  become  lost  on  the  body  of  the  vomer  (fig.  45,  no.  3),  and  after  a  time 
those  on  the  hind  edge  of  the  head  of  that  bone  as  in  a  male  32^  inches  in  length. 
This  process  maybe  carried  out  more  rapidly  in  some  forms  (especially  anadromous 
ones)  than  others,  and  all  these  figures  are  from  brook  trout  at  difi'erent  ages,  but 
the  process  is  the  same  in  every  variety  of  trout  and  even  of  salmon.*     In  an 

*  Jenyns  1835,  observed  that  the  common  trout  had  "  teeth  on  the  whole  length  of  the  vomer." 
Yarrell  1836,  also  remarked  of  the  same  fish,  as  well  as  of  Salmofero.r,  teeth  "  extending  along  the 
whole  length  of  the  vomer."  Farnell,  1838,  of  the  common  trout  "  vomerme  teeth  extendmg  the 
whole  way  "  Dr  G«Hf7(o';-,180r.,,S'«lHio/rtrto—"  vomerine  teeth  in  a  double  series,  sometnnes  disposed 
in  a  zigzag  line,  persistent  throughout  life."  ,S'.  fcrox,  "  the  head  of  the  vomer  small,  triangular, 
broader  than  long,  tootliless ;  the  body  of  this  bone  armed  with  a  double  or  zigzag  series 
of  teeth,  the  teeth  being  alternately  placed,  forming  nearly  a  single   series  behind ;    they  are 
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example  14  inches  long  from  Locli  Mulacli  Corrie,  there  are  two  teeth  on  the  hind 
edge  of  the  head  of  the  vomer  and  twelve  still  remaining  along  the  body  of  that 
bone. 

How  the  jaws  in  male  trout  and  those  of  some  of  these  fishes  under  certain 
conditions  are  stronger  than  is  usually  the  case,  and  how  the  teeth  of  males  are 
often  larger  than  in  females,  are  questions  which  may  well  be  deferred  until 
considering  the  subject  of  the  Lochleven  trouts.  The  knob  on  the  u^iper  end  of 
the  extremity  of  the  lower  jaw  becomes  well  developed  in  old  specimens  as  already 
described*  (see  p.  186  ante). 

Fins — although  as  quoted  in  a  note  (p.  13),  Dr.  Giinther  denied  Agassiz's 
statement  that  the  fins  of  trout  inhabiting  rapid  rocky  streams  are  most  developed, 

1  find  some  to  be  so  among  a  large  number  of  specimens  examined :  w^hilc  I 
do  not  find  that  in  these  places  the  extremities  are  worn  off,  at  least  in 
fish  that  are  in  good  health.  The  first  dorsal  (except  in  old  breeding  males), 
as  a  rule,  commences  somewhat  nearer  to  the  snout  than  to  the  base  of  the  upper 
caudal  ray  ;  the  height  of  the  anterior  ray  usually  exceeds  the  length  of  the  fin's 
base.  Origin  of  adipose  dorsal  fin  about  midway  between  the  anterior  insertion  of 
the  base  of  the  rayed  dorsal  and  the  superior  extremity  of  the  upper  caudal  lobe, 
or  the  distance  from  the  front  end  of  the  snout  to  the  commencement  of  the  base 
of  the  dorsal  fin,  equals  about  2^  in  tlie  entire  length  of  the  fish,t  or  a  similar 
extent  to  what  is  present  in  the  sea  trout  {see  pp.  169,  170  ante),  disproving  the 
statement  alluded  to  (see  remarks  of  Dr.  M'Intosh,  page  170),  that  the  dorsal  fin 
in  the  fresh-water  races  is  decidedly  further  forward  than  in  the  marine  forms. 
An  example  from  Loch  Ard,  had  58  +  x  vertebra3  and  the  first  dorsal  ray  was 
connected  to  the  neural  spine  of  the  15th  vertebra.  Pectoral  from  6  to  7|  in  the 
length  of  the  fish,  or  as  long  as  the  postorbital  portion,  or  of  even  the  enti]"e  head 
excluding  the  snout,  in  some  examples  it  is  more  pointed  than  it  is  in  others. 
Having  measured  a  large  number  of  examples  from  rivers  and  lochs,  as  a  rule, 

persistent  throughout  fife."  S.  stomacltlcus,  vomer  with  a  double  series  along  its  body,  persistent. 
S.  niqrijnnnis,  transverse  series  of  teeth  across  base  of  bead  of  vomer,  and  in  a  single  row  along 
the  body,  persistent.  S.  Icrcncnsis,  row  across  base  of  head  of  vomer,  a  single  series  along  its 
body,  persistent  through  life.  ,S'.  (jallii-emis  and  .S'.  orcadcusis,  teeth  on  vomer  in  a  single  series, 
persistent.  The  above  show  how  some  authors  have  merely  examined  young  or  moderately  aged 
specimens,  for  in  all  very  old  ones  the  vomerine  teeth  drop  out  with  age  as  I  have  figured.  How 
conclusions  have  been  come  to  from  the  examination  of  young  fish,  that  the  vomerine  teeth  are 
persistent  throughout  life,  it  is  difficult  to  account  for. 

*  Mr.  Arthur  kindly  sent  me  a  pair  of  specimens  of  New  Zealand  trout  from  the  Pomahaka  river, 
in  April,  1885.  Male,  16  lb.  weight,  20|  inches  long,  length  of  head  4^,  height  of  body  3^  in  the 
total  length.  J?(/es— diameter  one-seventh  of  the  length  of  the  head,  2^  diameters  from  the  end  of 
the  snout,  aud  the  same  distance  apart.  The  maxilla  reaches  posteriorly  to  half  a  diameter 
behind  the  orbit.  Vomer  with  two  teeth  on  the  hind  edge  of  its  head.  Pectoral  fin  Gjj  in  the 
total  length.  Vertebra)  5G.  58  CcTcal  appendages,  the  longest  being  2-8  inches.  Lateral-line 
with  111  scales  and  14  rows  between  the  adipose  dorsal  fin  and  the  lateral-line.  Flesh  red  as  a 
salmon.  In  a  female  19-2  inches  long,  length  of  head  4,  height  of  body  4  in  the  total  length. 
j<;,yt.s_cliameter  one-seventh  of  the  length  of  the  head,  2\  diameters  from  the  end  of  the  snout,  and 

2  diameters  apart.  The  mandible  reaches  posteriorly  to  f  of  a  diameter  behind  the  orbit.  Vomer 
with  one  tooth  which  fell  out  on  the  skull  being  macerated.  Pectoral  fin  7  in  the  total  length. 
5G  vertebra) ;  54  ca^cal  appendages,  the  longest  of  which  was  1-9  inches.  Lateral-line  with  116 
scales,  and  13  rows  between  it  and  the  adipose  dorsal  fin  ;  fiesh,  white.  In  another  pair  also  sent 
by  Mr.  Arthur  in  1883  from  New  Zealand,  the  male  was  32^  inches  long,  the  length  of  the  head  5, 
of  caudal  fin  7,  height  of  body  about  4\  in  the  total  length.  £?/c.s— diameter  6^  times  in  the 
length  of  the  head,  3  diameters  from  "the  end  of  the  snout.  The  maxilla  reaches  to  |  of  a 
diameter  behind  the  orbit.  2Ve//(— absent  from  the  vomer.  Lateral-line — 118  rows  of  scales, 
12  between  it  and  the  adipose  dorsal  fin.  In  a  female  31^  inches  long,  the  length  of  the  head  5,  of 
caudal  fin  7,  height  of  body  about  5  in  the  total  length.  "jSycs—diametcr  about  4  in  the  length  of 
the  head,  and  1^  diameters  from  the  end  of  snout.  Teeth— some  at  the  hind  edge  of  head  of  vomer. 
Lateral-line — 120  rows  of  scales,  14  between  it  and  the  adipose  dorsal  fin.  All  the  foregoing  four 
fish  are  what  would  be  termed  Salmoferox,  yet  all  were  brook  trout. 

■j-  The  following  are  proportional  measurements  made  in  the  distance  from  the  front  edge  of 
the  snout  to  the  commencement  of  the  base  of  the  dorsal  fin.  (S'.  fario,  Loch  Mulach  Corrie  in  a 
male,  14-6  in.  long,  2J  ;  male,  Howietoun,  14-6  in.,  2^ ;  female.  Loch  Lcven.  14-4  in.,  2§ ;  female. 
Loch  Ard,  11-3  in.,  2^  ;  female.  River  Lossie,  10-4  in.  long,  2i ;  male,  10-2  in.  long.  Gloucestershire, 
2^;  female,  10-1  in.  long,  2^;  male,  7-2  in.  long,  Stirlingshire,  2^  ;  and  male,  6-5  in.  long, 
Gloucestershire,  2^  in  the  total  length. 
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this  fin  is  most  dovcloped  in  lliosu  tiikcn  from  viinninf^'waliTS.*  Vcntrals  inserted 
beneatli  tlic  middlo  or  last  third  ol"  the  base  of  tlio  dorsal  lin.  Caudal  forked  in 
the  very  young,  omarginate  in  those  of  a  medium  size,  becoming  stjuare  in  largo 
examples,  or  even  rounded,  as  shown  in  figui-c  46.  While  Yarrell  (edition  3, 
p.  281)  figured  a  Thames  trout  28  in.  long,  and  11  lb.  weight,  in  which  the  hind 
edge  of  this  lin  Avas  slightly  rounded.  It  would  also  appear  that  as  a  general  rule 
the  tail  fins  of  trout  inhabiting  rajiid  streams  arc  usually  more  deeply  emarginatcd 
than  in  specimens  living  in  more  stagnant  lakes. 


Fig.  46.  Tail  fins  of  brook  trout.  1,  male,  5-6  in.  long,  from  peat 
burn.  2,  male,  G-2  iu.  long,  from  peat  burn.  3,  female,  07  in.  long, 
from  same  place.  4,  male,  8  in.  long,  Colesbourne.  5,  male,  9-6  in. 
long,  Colesboiu-ne.  6,  female,  10-5  in.  long,  Lossie  river.  7,  female, 
12  in.  long,  Elgin.  Tails  of  brook  trout  from  New  Zealand :  8,  female, 
^  natural  size :  9,  male,  20|  in.  long,  ^  natural  size  :  10,  male,  32^  in. 
long,  ^  natural  size. 

Scales. — From  12  to  15  rows  are  present  between  the  hind  edge  of  the  adipose 
dorsal  fin,  in  a  line  passing  downwards  and  forwards  to  the  lateral-line  :  while 
about  26  or  27  rows  are  present  between  the  lateral-line  and  the  base  of  the  ventral 
fin.  As  regards  the  appearance  of  the  scales  I  have  had  examples  from  ten  races 
of  fresh-water  and  sea  trout  photograplied  under  the  microscope  for  comparison 
one  Avitli  another,  and  likewise  examined  many  more,  but  the  variations  were 
found  to  be  so  great,  even  in  those  from  the  same  specimens,  that  nothing  Avould 
be  gained  by  figuring  them.  The  concentric  lines  in  some  of  those  from  the  sea 
trout,  sewin,  and  Lochleven  seemed  in  a  few  examples  to  be  coai'ser  than  in  the 
generality  of  brook  trout. 

Ccecal  appendages. — The  number  present  vary  considerably  as  has  been  already 
refeiTcd  to  (p.  188  ante),  and  taking  a  large  number  of  examples,  as  a  rule  trout 
in  the  north  of  the  British  Isles  have  more  than  those  in  the  south.  Possibly  the 
number  of  these  appendages  will  be  found  under  certain  circumstances  of  great 
value  in  determining  whether  the  food  tbey  can  obtain  is  such  that  on  it  they 
thrive  or  deteriorate. 

*  The  following  give  the  result  of  some  of  the  measurements  made.  Male,  Loch  Mulach 
Corrie,  146  in.  long,  pectoral  7| ;  female.  Loch  Ard,  128  in.  long,  G:^  ;  female.  Loch  Ard,  10-2  in. 
long,  6f  ;  female,  Loch  Ard,  119  in.  long,  7 ;  male.  Loch  Ard,  11-5  iu.  long,  Gi  ;  female, 
Gloucestershire,  10"y  in.  long,  or  6  in  the  total  length. 
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Dr.  Hamilton,  v.P.z.s.,  communicated  to  me  the  following  interesting  facts 
which  came  under  his  immediate  observation  in  1882.  In  the  year  1867  two 
separate  lochs  in  Scotland  were  stocked  with  trout  taken  from  Loch  Morar.  One  of 


these  latter  localities  was 
situated  on  a  hill,  Ci-aig- 
moor,  Inverness-shire,  1500 
ft.  above  sea  level,  it  being 
a  mile  and  a  half  in  cir- 
cumference, and  possess- 
ing a  sandy  and  weedy 
bottom.  Here  the  fish 
never  attain  to  a  pound's 
weight,  but  are  long  and 
lanky,  rise  freely  to  the 
fly,  and  give  good  sport 
to  the  angler.  Externally 
their  sides  and  under  sur- 
face have  a  golden  tinge, 
while  they  are  covered 
with  numerous  red  spots  ; 
having  been  cooked  the 
flesh  cuts  white.  A  female 
10|  in.  long,  examined  in 
The  fish  are  very  game,  and  rise  boldly 


Fig.  47.  Csecal  appendages 
49,  and  also  cystic  duct  of  a 
brook  trout  from  the  Wind- 
rush,  5  natural  size. 


1882,  was  found  by  Dr. 
Hamilton  to  have  only 
twenty  -  seven  coccal  ap- 
jiendages,  while  the  length 
of  the  head  was  equal  to 
the  height  of  the  body,  or 
5|-  in  that  of  the  total 
length.  The  tail  fin  was 
nearly  square  at  the 
extremity.  The  second 
locality,  also  stocked  in 
1867  from  the  same  loch, 
and  termed  Loch  Sheau 
More,  Arisaig,  Inverness- 
shire,  is  smaller  than  the 
preceding  one,  and  not 
very  deep,  but  the  water 
is  dark  -  coloured,  while 
the  bottom  appears  to  be 
covered  with  small  rocks. 
The  head  is  very  dark,  nearly  black. 


the  sides  yellowish  olive,  and  the  eyes  prominent.  A  few  (about  ten)  red  spots 
are  present  on  each  side,  and  thirteen  to  fourteen  black  ones  ;  having  been 
cooked  the  flesh  is  yellowish  pink.  Dr.  Hamilton  examined  a  female  lOi  in. 
long,  and  found  forty  csecal  appendages,  while  the  length  of  the  head  was 
one-sixth,  and  the  height  of  the  body  one-quarter  of  the  total  length.  The 
tail  fin  was  nearly  square  at  its  extremity.  Here  we  observe  the  progeny  of 
trout  transferred  from  a  single  piece  of  water.  Loch  Morar,  in  1867,  had  so 
altered  by  1882,  due  to  changed  conditions  of  life,  that  they  would  be  distinct 
species  as  recognized  by  some  naturalists.  If  the  difference  of  living  in  these 
two  localities  sets  up  such  changes  that  only  twenty-seven  csecal  appendages  are 
developed  in  one  form  and  forty  in  the  other;  that  the  depth  of  the  body  is 
nearly  one-sixth  of  the  length  in  the  first,  but  a  quarter  in  the  second  ;  if  one 
possesses  numerous  red  spots,  while  the  second  has  but  few,  but  many  black  ones, 
it  does  not  appear  that  we  need  go  so  far  as  Tasmania  to  prove  how  inconstant  in 
trout  are  external  colours  or  form,  as  well  as  the  inadmissibility  of  accepting  the 
number  of  cKcal  appendages  as  a  basis  for  forming  species. 

Colours. — Among  trout  inhabiting  fresh  waters  and  estuaries  large  differences 
in  the  tints  and  markings  are  perceptible  as  might  be  expected*  (pp.  6,  144,  145). 
In  short,  as  has  been  already  referred  to,  w^e  may  perceive  fresh-water  forms 
approaching  sea  troiit  in  colour  as  those  of  Loch  Crasspuil  (p.  190),  and  of  which 
occasional  examples  may  be  seen  in  Loch  Lomond  and  elsewhere.  While  there 
are  many  circumstances  alfecting  colour,  as  the  state  of  health  of  the  fish,  the 
period  of  the  year,  if  it  is  in  a  breeding  condition,  its  age,  the  qualitj^  and  amount 
of  food  it  can  obtain,  the  character  of  the  water  and  its  siuToundings,  and  whether 
the  stream  is  rapid  or  sluggish.  In  some  of  the  silvery  forms  there  are  merely 
black   spots  which  may  be  round,   and  are  often   encompassed  by  a  light  ring,t 


*  St.  John,  Natural  History  and  Sport  in  Moray,  p.  2.5,  observed,  "  Put  a  living  black  burn 
trout  into  a  white  basin  of  ^Yater,  and  it  becomes  within  half-an-hour  of  a  light  colour.  Keep  the 
fish  living  in  a  white  jar  for  some  days  and  it  becomes  absolutely  white  :  but  put  it  into  a  dark- 
coloured  or  black  vessel,  and  although  on  lirst  being  placed  there,  the  white-coloured  fish  shows 
most  conspicuously  on  the  black  ground,  in  a  quarter  of  an  hour  it  becomes  as  dark  coloured  as 
the  bottom  of  the  jar  and  consequently  difficult  to  be  seen." 

t  Sometimes  black  spots  on  these  fishes  become  surrounded  after  death  with  a  light  ring, 
while  in  others  red  spots  may  appear  which  were  not  seen  when  they  were  living.  Also  Bome  fish 
when  not  in  good  condition  will  lose  their  colours  very  rapidly. 
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while  occasionally,  especially  when  within  or  near  tidal   influence,*  thcso  black 
spots  may  assume  an  X  -shape,  or  be  starred.  ,      ,      ,  ,     . ,  ,     c 

Or  the  trout  may  be  of  gorj,a'ous  purple  along  the  back  and  sides,  and  of 
a  c^olden  tint  along  the  belly,  more  especially  during  the  breeding  season.  These 
may  be  spotted  similarly  to  the  first  variety,  except  thiit  star-shaped  markings  are 
rarer,  and  red  spots  more  numerous.  This  colour  is  frequently  seen  m  such  trout 
as  frequent  tidal  localities,  although  it  pertains  more  to  fresh  water. 

Various  causes  will  occasion  these  fish  to  be  dark-coloured,  and  almost 
invariably  with  black  spots,  and  often  with  red  ones  likewise.  This  dark  colour 
would  seem  to  be  generally  owing  to  the  colour  of  the  water  in  Avhich  they  reside 
as  when  much  impregnated  with  peat.  To  the  depth  of  water  in  which  they  live 
as  in  some  large  and  deep  lakes,  and  when  char  similarly  live  there,  as  in  Loch 
Rannoch,  in  Perthshire,  they  are  equally  of  a  dark  colour.  Age  also  is  probably 
a  factor  inducing  darkness  of  colour. 

In  some  forms  the  finger  marks  of  the  par  are  found  to  be  persistent  m  the 
adult,  as  is  most  commonly  perceived  in  small  forms,  or  rather  in  trout  which 
due  to  living  in  small  streams  have  not  attained  to  any  size.  Sometimes  these 
finger  marks  appear  after  death. 

In  many  places  the  dorsal  and  anal,  and  often  the  ventral  have  a  white  outer 
edging,  interior  to  which  is  a  narrow  black  base.  This  is  most  frequent  in  southern 
formsr'but  not  so  invariable  in  the  loch  trout  of  Scotland,  while  it  is  generally 
absent  from  Lochlevens,  when  reared  near  their  original  habitat.  This  deficiency 
of  the  white  border  becomes  lost  when  the  fish  are  removed  to  another  locality 
where  it  is  the  prevailing  type.  In  June,  1886,  I  examined  a  large  number  of 
trout  from  the  river  Loanan,  in  Sutherlandshire,  passing  from  Loch  Awe  to  Loch 
Assynt,  the  cjecal  appendages  varied  between  46  and  50.  The  white  anterior 
edging  to  the  dorsal  fin  was  very  slight,  black  spots  were  large  and  distinct  on 
the  body  and  fins,  a  few  red  spots  existed  along  the  lateral-line,  and  a  few  more 
were  scattered  over  the  body.  Examples  from  Loch  Awe  were  more  spotted,  had 
no  light  edge  to  the  dorsal  fin,  and  were  generally  purplish  with  yellow  bellies. 
Here  the  Loch  Awe  trout  were  intermediate  in  colouring  between  burn  trout  and 
Lochlevens.  However,  on  April  23rd,  1886,  I  examined  some  trout  at  the 
Windrush  in  Gloucestershire,  the  white  edge  to  the  front  of  the  dorsal  fin  was 
not  distinct,  neither  was  the  black  base,  but  the  fin  was  closely  spotted  with 
black.  The  opercles  of  those  not  quite  in  condition  had  a  green  tinge,  but  m  those 
in  condition  it  was  purple.     The  stomachs  of  all  were  distended  with  water  snails, 

*  We  find  trout  assuming  a  silvery  appearance  owing  to  changing  their  abode  to  salt  water :  the 
fishermen  at  St.  Andrews,  sometimes  after  floods  in  the  rivers,  capture  them  in  the  stake-nets  in 
the  bav  Mr.  Dunn  observed,  May  1st,  1884,  upon  a  fresh-water  trout  having  been  taken  m 
Mevagissey  Bay.  Dr.  Giinther,  Catalogve,  vi,  1866,  p.  357,  remarked  that  "  specimens  of  Salmo 
fario  freniiently  descend  to  the  sea  and  assume  a  bright  silvery  colour  with  numerous  X;shaped 
spots."  While  he  deposed  in  the  "  yellow-fin  case,"  1872,  "I  do  not  know  of  one  single  instance 
in  which  Salmo  fario  living  in  running  streams  assumed  the  silvery  appearance  (P-  l^^)- 
E  B  L  ,  writing 'to  The  Field,  March  27th,  1886,  remarked  on  four  trout,  -S.  Jarto,  about  J  lb. 
each'  taken  in  the  Kent,  Westmoreland,  below  Sedgwick,  immediately  below  the  Basinghall  weir. 
"  They  were  in  unusually  excellent  condition,  plump  and  clean,  so  much  so  as  to  attract  the  special 
attention  of  Mr.  F.  Fulton,  their  captor.  In  admiring  their  beauty  he  noticed  that  all  had  sea 
lice  upon  them.  We  all  know  that  the  ordinary  brown  trout  lives  and  thrives  in  brackish  ^yater, 
but  this  is  the  first  instance  that  has  come  to  my  knowledge  where  Salmo  Jano  has  stayed 
sufficiently  long  in  the  sea  to  have  the  parasites  mentioned  attach  themselves  to  him.  On  the 
same  river,  right  away  to  the  bay  of  Morecambe,  I  have  caught  numerous  trout,  some  actually  m 
brackish  water,  but  none  of  them  bore  the  sea  lice."  ^     .  e     *i„„^ 

Mr  W.  Anderson-Smith,  writing  to  me  the  same  month  from  the  west  coast  of  Scotland, 
observed,  "  My  little  boy  brought  in  a  lot  of  brook  trout  from  the  stream  at  Naun  yesterday,  and 
aU  were  covered  with  light  silvery  scales.  They  were  not  far  from  the  sea,  and  had  no  doubt 
been  thither.  They  seemed  to  be  silvered  by  the  salt  water."  Mr.  H.  G.  Henderson  March  12th 
1887,  observed,  "  I  caught  a  trout  last  year  in  Ireland  about  3.^  lb.  ;  when  taken  out  of  the  water  it 
had  a  silvery  appearance  like  a  salmon,  but  the  following  morning  the  distinct  marks  of  the  trout 
appeared  upon  it."  This  instance  would  seem  to  be  one  of  a  fish  returning  from  a  sojourn  in 
salt  water. 
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Lhnnea,  and  tubes  of  the  Epliemei'iclse  and  Phryganeidte,  while  there  was  a  fair 
amount  of  fat  around  the  pylorics.  The  upper  and  lower  edges  of  the  caudal  tin 
were  also  generally  of  a  red  or  orange  colour.* 

The  adipose  or  dead  fin  in  fishes  living  in  clear  streams,  or  where  numerous 
red  spots  are  present  on  the  body,  is  found  to  have  as  a  rule  an  orange  or 
vermilion  outer  edge  :  or  in  some  cases  it  has  one,  two  or  even  three  vermilion 
spots  on  it.  In  some  trout  this  red  colour  is  wanting,  while  generally  this  fin  has 
a  black  spot  but  may  have  several.  I  have  already  alluded  to  the  presence  of  this 
red  edging  in  the  young  fish  (see  p.  1 72  ante).  I  examined  over  200  taken  from  the 
river  Loanan,  in  Sutherlandshire,  and  orange  was  present  on  this  fin  from  the 
very  smallest.  Those  in  peaty  water  are  black,  some  possessing  orange  spots  on 
the  adipose  fin,  whereas  in  others  it  is  orange  edged.  It  would  seem  that  this 
orange  edging  in  some  localities  does  not  show  itself  until  the  second  year  of  the 
life  of  the  fish. 

What  causes  the  number,  size,  or  form  of  the  spots,  cannot  with  accuracy 
be  determined.  On  April  4th,  1885, 1  was  shown  by  Mr.  Andrews,  at  Guildford,  a 
number  of  yearling  trout  reared  from  eggs  obtained  from  the  Wey :  some  had 
brilliant  but  clear  vermilion  spots  on  the  rayed  dorsal  fin,  some  had  none,  while 
some  had  a  few  ])lack  spots  on  the  body,  but  in  others  they  were  numerous  as  well 
as  on  the  fins.  There  were  examjjles  having  the  body  densely  covered  with  black 
sjiots,  others  had  none  before  the  dorsal  fin,  while  in  some  there  were  only  a  few 
spots  on  the  body  and  those  of  a  small  size. 

The  cause  of  large  black  spots  is  difficult  to  account  for,  as  in  some  peaty 
streams  where  the  fish  are  dai*k,  some  have  few  and  very  lai'ge  spots,  whereas  in 
others  they  are  of  about  similar  number  but  smaller.  Some  captured  in  deep 
holes  evidently  have  them  of  the  first  description.f  In  the  example  figured  from 
Moneyhousc  burn  near  Howietoun,  the  fish  which  were  captured  by  Mr. 
Thompson  were  as  follows,  but  in  some  finger  marks  were  more  clearly  defined  : 
red  along  each  mai-gin  of  the  caudal  fin  with  a  very  narrow  white  outer  edge ; 
adipose  dorsal  with  an  orange  edge  round  it.  Pectoral  with  a  veiy  narrow  red 
and  white  edged  upper  margin :  and  with  a  reddish  white  edge.  Eight  finger 
marks  along  the  sides  much  wider  than  the  ground  colour.  Eight  red  spots  along 
the  lateral-line.  Dorsal  fin  with  a  pinkish  white  edge.  Ventral  straw-coloured, 
its  outer  edge  white,  stained  with  pink.  A  purplish  hue  over  the  body.  The  large 
black  spots  have  a  light  ring  surrounding  them. 

Varieties. — Trout,  as  already  remarked,  are  exceedingly  liable  to  variations  of 
form  due  to  several  causes.  Some  of  these  would  seem  to  be  hereditary ;  in 
others  the  same  excitinof  cause  continuint;'  in  action  occasions  results  as  in 
previous  generations.  These  will  be  discussed  under  the  heads  of  hybridism  and 
malformations. 

The  observations  of  fish-culturists  and  field  naturalists,  respecting  the  varieties 
of  trout  and  the  modifications  to  which  they  are  susceptible,  have  already  and 
may  still  further  pi'ove  most  valuable  in  unravelling  the  confusion  which  has  been 
imported  into  this  genus. 

Giraldus  Cambrensis,  lib.  iii,  c.  x,  the  traveller  and  Archdeacon  of  Brecon, 

*  December  4th,  1884,  examined  the  aquaria  at  "the  Healtheries"  and  found  that  a  most 
interesting  alteration  of  colour  bad  taken  place  in  some  Lochleven  and  brook  trout,  also  in  a 
largo  male  S.  fontinalis.  The  upper  and  lo^Yer  edges  of  the  caudal  fin  were  white  in  all,  and  in 
the  fontinalis  this  was  margined  internally  with  red.  As  all  these  forms  were  similarly,  although 
unequally  affected,  such  must  have  been  induced  by  some  common  cause.  In  a  neighbouring 
tank  were  the  remains  of  the  Canadian  trout,  Salmo  jntrjniratus,  about  twelve  in  number,  all  with 
ragged  tails  and  stunted  growth,  which  was  possibly  partly  due  to  the  amount  of  lime  employed 
for  softening  the  water.  It  may  be  that  this  same  agency  had  occasioned  this  whitening  of  the 
caudal  rays. 

t  In  the  Itchen  at  Alresford,  the  keeper  recognized  two  main  varieties  of  marking  in  the 
trout,  the  first  with  larger  spots  on  the  head  and  gills,  a  shorter  body  and  redder  flesh  when 
cooked,  these  were  said  to  mainly  live  on  Crustacea  and  did  not  care  for  minnows.  Secondly, 
those  close  to  Alresford  where  Crustacea  are  not  numerous,  but  they  devour  large  numbers  of 
minnows. 
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who  attended  IJaldwin,  Arclihisliop  of  Canterbury,  in  a  i)rot(resH  through  Wales  in 
1188,  tells  us  of  eels,  trout  and  peix-h  existing,'  in  the  lakes  of  Suowdon  which 
only  possessed  the  rij^ht  eye,  they  being  invarial)ly  blind  with  the  left.  The  I'ischau, 
near  Mandorf  in  Germany,  was  reputed  to  contain  blind  trout  (i'V.  Urn.  Brack- 
vianni  Ejjist.  Itin.  a:.vxvi,  Wolfenh.  1734,  p.  10).  A  deformed  race  of  trout  arc 
asserted  to  exist  in  a  small  locli  in  Inverness-shire  near  Pitmaiu ;  among  them 
there  appears  to  be  an  arrest  of  development  in  the  upper  jaw,  giving  their  heads 
a  slight  resemblance  to  those  of  bulldogs  {see  plate  xii),  duo  to  the  projection  of 
the  lower  jaw  (Eucyc.  Brit.  7th  cd.,  art.  Aug.).  Similar  malformations  arc  seen 
in  the  "ground  trout"  of  Penyghent  (Yorkshire  Vertchrata)  and  many  other 
places. 

In  the  British  ^Museum  is  a  specimen  nearly  six  inches  long  to  the  fork  of  the 
tail,  from  the  Okemont  rivei",  presented  by  Mr.  Tegetmeier.  It  is  almost  toothless, 
there  being  only  a  few  in  the  gums  of  the  prcmaxillary  bone  of  the  right  side  near 
its  external  angle,  one  on  the  vomer,  and  a  few  others  in  the  mucous  membrane. 
Corners  of  tail  clipped;  length  to  fork  of  tail  5'8  in.,  of  head  1'5,  eyes  03,  apart  0'2, 
from  end  of  snout  0"3  inches. 

In  Loch  Islay  exists  a  race  of  tailless  trout,  Salmo  Islayensis,  Thomson 
(Trampair),  Journ.  Anat.  Phy.  vi,  p.  411,  pi  xix,  and  Thompson,  Science  Gossip, 
1872,  p.  85,  asserted  that  in  some  streams  such  had  been  traced  to  be  due  to  the 
action  of  deleterious  matter  in  the  water  (see  Angler's  Note  Booh,  1880,  p.  60). 
Mr.  J.  Harvie-Brown  observed,  about  1876,  that  a  contraction  of  the  rays  of  the  tail 
fins  of  the  trout  in  the  I'iverCarron  occurred,  and  was  believed  to  be  due  to  continuous 
pollution  of  the  water  through  the  agency  of  paper  mills.  At  Malham  Tarn,  in 
Yorkshire,  1240  feet  above  sea  level,  the  trout  are  distinguished  by  a  deficiency  or 
malformation  of  the  gill-covers  in  about  one  in  every  fifteen  captured.  As  I  have 
seen  the  same  result  due  to  gill-fever  or  consequent  on  breeding  in  confined  places, 
I  believe  this  to  be  at  least  one  of  the  causes.  On  Plinlimmon,  and  in  adjacent 
parts  of  Wales,  are  "  hunchbacked  "  trout,  having  deformed  vertebral  columns  as 
already  alluded  to  (see  plate  xii).  In  some,  at  least,  of  these  instances  the  young 
are  reared  where  cascades  are  falling  over  heights  into  a  series  of  pools,  and  the 
egg"coming  within  the  reach  of  these,  suffers  injury,  and  consequently  disease  of  the 
spine  (so  common  in  fishes)  is  set  up.  Barrington  (Phil.  Trans.  1707)  remarking 
upon  some  examples  crooked  near  the  tail  continued,  "These  trout  are  only  caught 
in  a  small  basin,  eight  or  nine  feet  deep,  which  the  rivers  form  after  a  fall  from 
the  rocks."  Perch  were  found  to  be  similarly  affected,  the  same  cause  acting 
apparently  on  either  form.  There  are  likewise  races  in  which  some  local  cause 
has  set  up  local  action,  as  of  the  stomach  alone  for  instance,  the  gillaroo 
(see  p.  194),  due  to  the  food  it  indulges  in,  has  the  muscular  coat  of  its  stomach 
thickened,  which  abnormal  structure  has  been  reproduced  in  succeeding  genera- 
tions. For  it  must  not  be  assumed,  because  in  certain  examples  avc  are  unable  to 
find  Limnea  and  other  shells,  that  the  fish  has  never  consumed  any  ;  they  may  have 
been  digested,  or  it  may  have  varied  its  food,  or  the  shells  may  have  been 
temporarily  unobtainable.  In  County  Derry,  in  the  river  Glcnlark  in  the  Muntcr- 
loney  Mountains,  "Mr,  Sinclaire  states  that  the  water  and  stones  arc  deeply 
tinged  with  a  rust  colour,  of  which  the  trout  likewise  partake.  Their  flesh  is  very 
bad  and  of  a  metallic  flavour ;  so  bad  are  they  that  the  country  people  will  not 
eat  them,  and  as  they  are  not  fished  for,  the  river  abounds  in  them"  (Thompson, 
Nat.  Hist.  Ireland,  iv,  153). 

Names.* — Brooh  trout,  hum  trout,  hroivn  trout,  yellow  trout,  eldrines  (Esk).  The 
Botlinrj  of  Wastwater  in  Cumberland,  Yarrell  suggested  must  be  a  male  troiit, 
hlach  nebs,  and  many  other  local  names  have  been  already  alluded  to.  Allcr-Jloat 
or  alter   trout,  refers  to   a   large  one  frequenting  a  hole  in  a  retired  or  shady 

*  In  Austria  varieties  of  the  brook  trout  are  distinguished  as  forest-  or  stone-trout ;  ali^ine-  or 
mountain-trout ;  gold-  or  pond-trout ;  the  lake  trout ;  and,  according  to  the  lighter  or  darker 
colouring,  the  white-trout,  the  black-trout,  etc.  Some  are  said  to  be  always  barren,  while  the 
breeding  season  is  from  September  to  January  {United  States  Fishery  lleimt,  1870,  p.  009). 
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portion  of  a  brook  under  tlie  roots  of  an  alder  tree.     In  Hereford  shire  there  is  a 
countiy  proverb  respecting  the  "aul  "  or  "alder:" 

"  When  the  bud  of  the  aul  is  as  big  as  a  trout's  eye, 
Then  that  fish  is  in  season,  in  the  river  Wye." 

Bach  (Northumberland),  also  rach-rider,  a  small  trout:  Shot  ("Westmorland). 
BreaC'precht,  Highlands  of  Scotland.  Alevin  fry  stiW  retaining  its  yelk  sac  and 
before  it  commences  to  feed  by  the  mouth.  Sceota,  Anglo-Saxon,  a  "shooter  "  or 
"  darter  :"  also  truht.     Triotht  is  an  old  mode  of  spelling  the  name  of  this  fish. 

Habits. — Bold,  voracious,  cunning  and  shy,  they  possess  keen  sight,  and 
appear  to  be  siispicious  of  anything  novel  they  may  observe.  In  some  of  our 
streams  which  are  constantly  fished  they  have  become  almost  insensible  to  the 
charms  of  the  artificial  fly,  while,  if  they  have  once  been  hooked,  they  would  often 
seem  to  remember  the  circumstance.  Should  an  outlying  fish  be  disturbed  it 
dashes  away,  and  this  flight  warns  and  alarms  its  neighbours.  Although  they 
evidently  like  rapid  streams,  the  largest  fish  are  often  taken  in  sluggish  spots, 
where  they  mostly  move  about  in  search  of  food  of  an  evening  and  during  the 
night-time,  swimming  low,  especially  in  cold  weather.  A  favourite  Launt  or 
place  of  rest  is  often  behind  a  stone  or  bank,  or  heavy  weeds  or  a  root,  and  they 
appear  to  prefer  a  bank  or  bush  which  gives  shade  from  overhead.  Sometimes 
trout  are  so  hungry  that  they  appear  to  take  almost  anything  :  thunderstorms  or 
darkness  may  cause  them  to  cease  from  feeding,  but  on  cool  days  it  may  have  the 
reverse  effect*  A  correspondent  of  The  Zoologist  (1847,  p.  2030)  remarked  upon 
a  trout  kept  in  confinement,  and  on  a  minnow  being  thrown  in  it  would 
immediately  ascend  nearly  to  the  surface,  hover  over  its  prey  like  a  hawk  for  a  few 
seconds,  then  dash  down  and  seize  it  by  the  head.  They  require  moderately  pure 
water,  for  a  carp  will  live  where  a  trout  will  die.  They  are  alarmed  by  shadows 
falling  over  their  haunts,  and  the  presence  of  pike,  which  take  a  heavy  toll  from 
these  fish,  in  the  waters  in  some  localities  prevents  their  feeding  freely,  causing 
their  condition  to  be  poor  and  the  sport  they  afford  to  be  small.  It  used  to  be 
said  that  chub  drive  out  trout  during  the  four  hot  months. 

If  some  trout  prefer  food  which  causes  their  flesh  to  be  tinged  with  red,t 

*  Mr.  Findlay  Punlom,  Land  and  Water,  August  7th,  1886,  observed,  "  I  notice  in  your  last 
issue,  in  an  article  entitled  'At  the  Burnside  in  the  Lammermoors,' that  the  two  gentlemen 
mentioned  therein  gave  up  fishing,  as  there  was  thunder  in  the  air,  and  one  remarked  that  trout 
would  not  look  at  a  hook  under  such  circumstances.  I  have  seen  this  opinion  expressed  several 
times,  but  from  experience  have  found  it  incorrect.  On  one  occasion  a  brother  and  myself  were 
caught  in  a  severe  thunderstorm  whilst  starting  to  fish  in  the  Ale,  in  Selkirkshire.  When  the 
rain  had  ceased  we  began,  and  the  trout  took  splendidly,  though  it  thundered  loudly  all  afternoon. 
We  got  over  six  dozen,  the  biggest  catch  we  ever  had  in  that  river.  The  second  biggest  basket 
there  was  also  made  during  a  bad  thunderstorm,  and  one  big  trout  was  missed,  whilst  we  were 
sheltering  under  a  bridge  till  the  worst  was  over.  The  bait  in  both  cases  was  worm.  Several 
other  instances  of  good  takes  during  thunder  have  also  come  under  my  notice,  but  would  take  too 
much  space  to  detail  here.  I  would  like  to  know  if  any  of  your  readers  have  had  similar 
experiences." 

t  Mr.  J.  Harvie-Brown,  in  Land  and  Wafer,  1881,  observed  that  "  Trout  abound  in  nearly  all 
the  innumerable  lochs  of  North  Uist.  In  those  near  the  sea  on  the  west  coast  of  North  Uist  they 
are  usually  of  a  good  size,  often  running  to  f  lb.  and  larger ;  but  on  the  moor  lochs,  with  few 
exceptions,  they  are  much  smaller.  Into  many  of  the  lochs  the  sea  enters  regularly  at  high  tide, 
or  occasionally  at  spring  tides,  and  the  water  is  consequently  brackish,  or  very  slightly  mixed  with 
salt  water.  At  the  time  of  the  inflowing  tide  brown  trout  are  often  killed  in  the  strong  streamway 
amongst  almost  perfectly  pure  salt  water— the  fresher  water  being,  however,  nearest  the  surface. 
Often  at  the  same  place,  and  sometimes  at  the  same  cast,  a  trout  and  a  lythe  may  be  caught. 
This  brackish  water  does  not  appear  to  affect  the  growth  or  condition  of  these  brown  trout ; 
indeed,  they  are  usually  larger  and  of  finer  quality  than  those  obtained  in  the  inland  lochs,  which 
have  only  occasional  communication  with  the  sea  at  spring-tides,  or  are  completely  shut  off  from 
the  sea. 

"  In  Loch  Hosta,  which  is  now  quite  fresh,  the  trout  are  very  silvery,  like  Lochleven  trout,  but 
of  a  different  build,  being  shorter  and  thicker.  But  another  loch  between  Trumisgeary  and 
Scolpig  contains  much  more  silvery  specimens,  though  it  has  had  longer  separation  from  the  sea. 
It  is  called  Loch  Beck.  Most  of  these  lochs  where  the  very  silvery  trout  occur  are  sandy- 
bottomed,  and  not  rocky,  which,  no  doubt,  partly  accounts  for  the  silvery  colour.  In  the  same 
way,  at  a  far  inland  locaUty  in  Sutherlaudshire,  burn  trout,  dark  and  spotted,  which  were  caught 
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while  others  in  the  same  water  appreciate  adiHereut  Kustenanco,  and  consequently 
are  not  thus  tinged  ;  if  the  gillaroo  eats  shells,  occasioning  thiekeninf  of  the 
middle  coat  of  its  stomach,  while  such  diet,  as  a  rule,  is  rejected  by  the  common 
variety  of  Salmo  fario ;  it  appears  to  point  out  that  the  tastes  of  some  diller  from 
those  of  their  comjianions,  while  it  is  a  well-known  fact  that  certain  forms  of  food 
promote  fish-growth  more  rapidly  than  others.  As  already  observed,  those  trout 
which  principally  subsist  upon  fi-esh-water  shrimps,  Gammari,,  are  generally  of  the 
most  brilliant  tints,  and  the  most  pinky-coloured  llesli,  while  vegetable  diet 
appears  to  mostl}'  cause  a  silvery  hue  and  sometimes  a  dull  appearance.* 

and  introduced  to  a  chain  of  lochs  in  the  same  county,  which  have  their  sources  in  innumerable 
springs  of  clear  water  from  granite  and  limestone  mountains — principally  the  former,  as  tlie 
limestone  for  the  most  part  lies  at  a  lower  level — became  in  a  single  year  silvery  and  covered  with 
minute  bright  scales  like  sea  trout,  and  grew  to  the  size  of  1  lb.  weight  in  twelve  months  from  at 
most  rj  lb.  This  experiment  was  made  by  our  fishing  party  in  1877-78-79.  The  specimen  first 
caught  after  the  introduction  in  1878  is  preserved  in  the  collection  of  Dr.  W.  M.  Mackintosh,  of 
Murthly.  The  food  in  this  loch  are  shell-lish  and  tadpoles,  and  the  bottom  is  granite,  gravel,  and 
sand.  On  the  other  hand,  trout  are  often  caught  in  sandy  lochs  or  bays  at  far  inland  localities 
which  present  nothing  of  this  silvery  character  at  all.  Thus  those  of  the  sandy  or  granitic  pebbly 
bays  of  Loch  Errochd,  in  Perthshire,  are  golden  yellow  trout. 

"  But  to  return  to  North  Uist.  In  most,  if  not  in  all,  of  the  sandy-bottomed  lochs  of  the  west 
coast  the  trout  are  more  or  less  silvery.  We  do  not  with  certainty  know  the  favourite  haunts  of 
the  sea  trout  and  other  migratory  fish  ivltiltit  in  the  sea,  but  it  is  not,  perhaps,  unreasonable 
to  sujipose  that  sandy  bays,  or  patches  of  sand  amongst  the  rocks,  give  them  most  harbourage 
whence,  jDerhaiJS,  their  silvery  colour,  which  they  rajoidly  lose  upon  entering  peaty  or  rocky 
streams  aud  lochs,  and  never  perfectly  recover  until  they  return  to  the  sea. 

"  In  many  of  the  larger  lochs  of  North  Uist — as,  for  instance.  Loch  Ghearn  in  the  west  and 
Loch  Scatavagh  entering  from  the  east,  where  the  sea  has  regular  or  occasional  access,  sea  trout 
are  known  to  ascend,  but  many,  if  not  all,  fail  to  return  to  the  sea.  These  fish,  however,  do  not 
easily  succumb  and  die,  but  live,  at  all  events  for  a  considerable  time,  but  are  seldom  cau"ht  in 
good  condition.  Such  fish  are  taken  at  all  seasons  of  the  year.  In  some  lochs  no  doubt  they  do 
finally  succumb.  Loch  Scatavagh  is  a  very  large  loch,  and  swarms  with  small  ill-conditioned 
brown  trout.  All  these  lochs  where  the  sea  trout  fail  to  return  to  the  sea  are  roclnj  and  intricate 
in  tlieir  shore-lines.  The  general  belief  amongst  the  natives  is  that  the  sea  trout  and  bull  trout 
which  ascend  lose  their  way,  and  cannot  again  find  the  exit,  or,  in  some  cases,  enter  duriu"  hi"h- 
water  tides,  and  cannot  escape  during  the  lower  summer  tides. 

"  Now,  in  Loch  Hosta  and  other  lochs  on  the  west  coast,  which  either  have  regular  or  occasional 
connection  with  the  sea,  or  which,  like  Loch  Hosta  itself,  had  at  one  time  communication,  and 
the  banks  and  bottom  being  sandy  or  loamy,  and  having  better  feeding,  it  seems  just  possible  that 
sea  trout  ascending  to  these  lochs  in  former  times,  or  in  exceptional  and  occasional  times  at 
present,  may  have  become  acclimatized  and  have  added  to  their  stature,  and  even  changed  their 
nature  and  appearance,  and  multiplied  in  number.  It  is  evident  from  the  sea  levels  at  various 
localities  along  this  west  coast  of  Uist,  that  one  of  two  changes  has  taken  place.  Either  the  land 
has  actually  risen,  or,  what  appears  more  likely,  the  land  has  gained  upon  the  sea  by  i*eason  of 
the  shifting  sand  upon  the  coast.  Below  Newton  Farm  the  former  sea  level — remembered  by 
peoi^le  still,  or  lately,  living — is  remarkably  patent. 

"  In  the  same  way  Loch  Hosta  has  become  sanded  up  at  its  exit,  or  at  least  sufficiently  so  to 
prevent  sea  trout  from  ascending  the  shallow  sand-stream  which  still  unites  it  with  the  sea. 
The  present  tides  rise  to  within  a  hundred  yards  of  Loch  Hosta,  but  no  sea  trout  enter  it 
now,  though  there  is  every  reason  to  believe  they  must  once  have  done  so.  At  present,  even 
during  a  spate  coming  down  the  burn,  sea  trout  could  not  get  up,  as  the  water  debouches  upon 
the  level  sand  aud  spreads  all  over  it,  having  no  defined  channel. 

"  Questions  arise  regarding  these  sandy  lochs  and  their  inhabitants  which  are  curious  if  not 
also  instructive. 

"  At  one  time  in  the  world's  history  possibly,  indeed  probably,  not  very  remote — I  speak  in  the 
geological  sense  of  remoteness — some  of  these  lochs  must  have  been  bays  of  the  sea.  The 
small,  ditch-like  burns  now  entering  them  show  no  appearance  of  ever  having  been  any  larger 
than  they  now  are,  and  in  most  cases  are  too  insignificant  to  harbour  the  smallest  adult  brown 
trout  even  at  the  present  time.  Hence  comes  the  question.  How  came  these  lochs,  once  bays  of 
the  sea,  to  be  inhabited  by  Salnio  fario  ? 

"  In  the  island  of  Barra,  on  the  west  coast,  is  a  loch  famous  for  the  quality  and  beauty  of  its 
trout,  which  are  said  by  Wilson  to  resemble  exactly  the  famed  Lochleven  variety.  Mr.  Wilson 
says  : — '  This  loch,  called,  we  believe,  Tangustal,  has  one  side  of  its  shores  flat,  shallow,  and 
sandy,  while  the  other  is,  at  least  in  parts,  more  stony  and  abrupt.'  Describing  the  trout  further, 
he  calls  them  *  trouts  of  outward  pearly  lustre,  and  flesh  of  roseate  hue.' 

"  Another  question  is,  have  the  sea  trout  (which  at  a  remote  date  entered  these  sandy,  loamy 
lochs)  all  died  out,  or  have  the  fittest  survived  their  change  of  residence  and  confinement  to 
fresh  water,  reproduced,  and  in  course  of  ages  changed  their  nature  and  appearance  to  suit  the 
new  conditions  ?  " 

*  T.  Dougal,  Fishing  Gazette,  May  29th,  188G,  remarked  that  "  I  have  frequently  seen  welK 
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Stoddart,  Anglers  Companion,  observed  tliat  a  trout  "when  taken  from  a 
river  or  streamlet  (wliere,  if  suffered  to  remain  season  after  season,  it  would 
assume  no  tinge  of  redness  whatsoever)  and  transferred  to  a  lake  or  jDond  containing 
marl  or  other  rich  food,  speedily  acquires  the  high  complexion  in  question  " 
(p.  173). 

They  are  out  of  condition  subsequent  to  the  breeding  season,  and  in  England 
Devonshire  is  considered  about  the  earliest  county  in  which  they  come  into  con- 
dition, and  are  fished  for  from  the  commencement  of  February,  which  is  generally 
about  a  month  too  soon,  but  elsewhere,  as  in  the  Cardiganshire  Teifi,  there  are 
rivers  equally  forward. 

Irrespective  of  residing  entirely  in  fresh  waters,  some  would  seem  to  prefer 
estuaries,  or  beiug  within  tidal  influence,  at  least  during  certain  portions  of  the 
year,  for  it  is  not  unusual  to  observe  brown  ti'out  being  captured  in  salt  water, 
while  even  in  fresh  water  they  have  been  taken  on  their  return  and  with  sea-lice 
still  present  on  them. 

The  food  which  trout  consume  is  of  various  descriptions.  One  about  \\  lb. 
weight,  taken  in  June,  1882,  in  the  Tweed,  was  found  to  contain  11  small  trout 
and  one  minnow.  They  do  not  object  to  little  fish,  as  the  minnow,  loach,  stickle- 
backs, &c.,  water  rats,  young  birds,  frogs,  snails,  slugs,  worms,  leeches,  maggots, 
flies,  beetles,  moths,  water  spiders,  and  even  a  lizard  (Field,  Oct.  1885).  They 
will  swallow  one  of  their  own  kind  two-thirds  as  large  as  themselves.  In 
Mr.  Buckland's  museum  was  an  example,  the  stomach  of  which  was  distended  by 
2470  eggs  of  apparently  the  salmon. 

Fish-culturists  find  that  artificially  fed  trout  often  will  not  readily  exchange 
their  accustomed  food,  and  likewise  that  fish  do  not  fatten  so  well  on  artificial  as 
on  natui-al  food,  while  thinner  ones  have  the  par  bands  less  marked.*  Should 
the  amount  of  natural  food  be  insuflicient,  it  ought  to  be  cultivated,  for  it  has 
been  asserted  that  in  some  localities  there  has  been  a  gradual  extermination  of  the 
larger  forms  of  water-fed  flies,  but  in  wilder  streams  less  intei-fered  with  by 
farmers  and  millers,  there  has  been  no  such  change. 

Many  instances  are  on  I'ecord  of  trout  seizing  their  own  species  when  they 
have  taken  a  bait.  Thus  in  Land  and  Water  it  was  observed  by  "  Sprint,"  that 
"  Mr.  W.  Atkinson,  of  Kendal,  was  angling  in  the  Lune,  above  Kirkby  Lonsdale, 
when  with  a  fly  he  hooked  a  small  trout  of  about  \\  oz.  Before  he  could 
draw  it  quickly  to  land  it  was  seized  by  another  and  a  much  larger  fish.  For 
some  time  the  angler  played  the  fish  without  seeing  what  it  was,  but  in  a  minute 
or  two  got  sight  of  what  he  had  hold  of,  and  found  that  a  large  trout  had  seized 
the  smaller  one,  which  had,  in  the  first  instance,  taken  the  fly.  In  due  course  the 
bio-  fish,  keeping  his  hold,  was,  at  the  first  opportunity,  quietly  secured  in  the 
landing  net,  and.  immediately  he  felt  the  touch  of  the  net  gave  up  hold  of  his 
would-be  prey,  but  too  late  to  escape.  This  unusual  capture  was  duly  basketed, 
weighed  21  oz,  and  was  in  moderately  good  condition.  The  small  trout  on 
the  "hook  was,  as  might  be  expected,  sadly  mauled  by  the  teeth  of  his  big  brother, 
and  was  quite  dead  when  taken  oif  the  hook.  Mr.  Atkinson  says  that  at  least 
three  minutes  elapsed  from  the  time  the  large  trout  seized  the  smaller  one 
and  their  being  landed  in  the  net.  On  being  opened,  the  large  trout  was  found 
to  contain  another  trout,  about  1|  oz.  weight,  in  a  partly  digested  condition." 

coloured  Highland  loch  trout  in  which  the  skins — not  the  flesh — became  black  a  few  hours  after 
capture.  ...  I  have  seen  all  the  trout  on  one  side  of  a  loch,  not  over  300  yards  wide,  very  black, 
in  corresi^ondence  with  the  hue  of  the  rocky  sides  and  bottom,  and  all  those  on  the  other  side  of  a 
lively  greenish  hue,  like  that  of  the  bottom  there,  which  is  covered  with  short  grass  for  a  few 
yards  from  the  bank." 

*  Stoddart,  Art  of  AncjUng,  mentioned  an  experiment  made  in  the  south  of  England  in  order 
to  ascertain  the  value  of  different  forms  of  food.  "  Fish  were  placed  in  three  separate  tanks, 
one  of  which  was  supplied  daily  with  worms,  another  with  live  minnows,  and  the  third  with  those 
small  dark-coloured  water  flies,  which  are  to  be  found  moving  about  on  the  surface,  under  banks 
and  sheltered  places.  The  trout  fed  with  worms  grew  slowly,  and  had  a  lean  appearance  :  those 
nourished  on  minnows,  which,  it  was  observed,  they  dashed  at  with  a  great  voracity,  became  much 
larger  ;  while  such  as  were  fattened  upon  flies  only,  attained  in  a  short  time  prodigious  dimen- 
sions, weighing  twice  as  much  as  both  the  others  together,  although  the  quantity  of  food 
swallowed  by  them  was  in  nowise  so  great." 
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Early  in  1885,  Sir  M.  Gordon  liooked  a  female  trout  3  lb.  9  oz.  in  the  Test, 
another,  a  male  3  lb.  11  oz.  followed  it,  and  both  were  secured  in  a  landing 
net,  the  free  trout  never  left  its  companion  (Land  and  Water,  Juno  Gth,  1885). 
At  the  end  of  May,  1885,  a  trout  1  lb.  5  oz.  was  followed  in  all  its  twists  and  turns 
by  a  roach  that  was  probably  a  few  ounces  heavier  than  itself,  but  it  scuttled 
away  at  the  sight  of  the  landing  net.  It  has  been  questioned  whether  this  was 
sympathy  or  curiosity  ? 

"  As  to  the  time  Avhen  fish  feed  most  and  least  respectively,  the  returns  show 
that  they  feed  most  in  April,  May,  and  June,  and  least  in  December  and  January, 
although  they  have  been  known  to  feed  greedily  in  these  months." — Fourth 
Ann.  Report  Scotch  Fish.  Imp.  Assoc.  1882. 

Parfitt  found  river  molluscs,  as  Valvata  picinalis,  Planorhis  marrjinalis,  PJnjsa 
fontinalis,  and  Limnea  peregra  in  the  stomachs  of  some  taken  in  May,  in  Powderham 
Park,  Devonshire :  but  food  varies"!  with  streams,  &g.  Resi:)ecting  Loch  trout, 
"  The  examination  of  the  contents  of  the  stomachs  of  the  trout  taken  from  it  (Loch 
North-Maben  district),  showed  that  they  fed  largely  on  Gamniarus  pulex " 
(Gordon,  I.  c,  p.  9-i,  Scottish  Naturalist).  In  Sutherlandshire,  I  found  loch 
trout  fed  largely  on  Limnea,  Gammarus,  &c.  Mr.  George  Sim,  a.l.s.,  examined 
the  contents  of  the  stomachs  of  fifty-two  fresh-water  trout  taken  in  Aberdeenshire 
and  Kincardineshire  during  Max'ch  and  the  first  half  of  April,  1887  :  twenty-eight 
had  the  remains  of  caddis  or  May-flies,  fourteen  of  beetles,  eight  of  small  stones 
five  bits  of  straw  or  grass,  four  of  water  shrimps,  Gammarus  pulex,  four  of  insects 
and  flies,  one  of  Gyclas  flavescens,  one  of  a  leech  Piscicola  geomctra,  one  of  a  snail, 
Limnea  peregra,  one  of  a  caterpillar,  one  of  a  small  fish,  one  of  a  fresh- water  limpet 
Anc]ilus  Jluviatilis,  while  three  were  destitute  of  food. 

In  188G,  I  had  several  opportunities  of  examining  the  food*  consumed  by  trout 
in  the  Windrush,  and  found  that  during  April  and  May  they  mostly  fed  upon 
Limnea,  the  caddis  worm,  and  the  larvas  of  Ephemeridie,  a  few  beetles,  and  one 
had  a  bull-head,  Gotius  gohio,  in  its  stomach.  In  June  they  appeared  to  restrict 
themselves  to  May-flies,  with  which  they  were  gorged. 

Modes  of  capture. — These  may  be  either  netting,  spearing,  tickling,  poisonino-, 
angling,  or  other  methods  which  do  not  come  within  the  scope  of  this  work. 
For  the  plans  of  netting  these  fish  are  in  many  respects  similar  to  those  referred 
to  under  the  head  of  Salmon  (pp.  135-141).  Spearing  is  not  now  permissible, 
although  it  used  to  be  employed  by  torchlight.  Tickling  for  these  fish  in  small 
streams  is  occasionally  employed  with  success.  The  use  of  the  otter  is  illegal, 
but  in  Ireland  cross-line  fishing  f  is  licensed.  The  angler  has  several  modes 
of  procedure  at  his  command ;  if  the  fish  are  large,  spinning  bait  may  be 
employed  ;  or  grou.nd  fishing  with  worms,  or  fly-fishing  either  with  the  real  or 
imitation  insect.  Diiferent  rivers,  seasons,  and  even  periods  of  tlie  day  have 
their  peculiar  varieties  of  winged  insects  acceptable  to  these  fish  ;  as  a  rule  if  the 
water  is  clear  and  low,  and  wind  is  absent,  small  ones  are  most  suited  :  if  clearing 
after  a  flood,  or  full  but  not  discoloured,  the  fly-fisher  has  more  chance  of  sport, 

*  Marston,  Fishing  Gazette,  January  9th,  1886,  p.  2.3,  observed  that  "  trout  get  fat  on  grayling 
ova  and  fry,  but  grayling  do  not  feed  on  trout  ova  or  fry.  They  would  eat  the  ova  if  they  could 
get  it,  but  they  stop  in  the  main  stream,  while  the  trout  goes  up  the  brooks  to  spawn." 

f  F.  Hearne,  Land  and  Water,  June,  1885,  observed  respecting  the  river  Moy  (Ijallina)  and 
Lough  Conn  that : — "  In  one  of  my  notes  to  Land  and  Water  some  time  ago,  I  said  there  were 
bailiffs,  with  boats  and  crews,  appointed  to  put  down  illegal  fishing  with  otters  on  Lough  Conn. 
That  has  been  done,  but  what  was  never  dreamt  of,  or  ever  known  to  be  used  before  on  the 
Lough,  has  taken  the  iilace  of  the  otter,  that  is,  cross-line  fishing.  There  are  five  cross  lines 
fishing  the  Lough.  Two  go  from  "  Cloghan's  "  shore,  two  at  Pontoon  (from  Glass  Island),  and 
one  at  the  lower  end  of  the  Lough,  on  that  splendid  salmon  and  trout  ground  called  the  Strand, 
near  the  mouth  of  the  Deel  river.  I  only  wish  that  cross  line  fishing  was  made  illegal,  as  I  am 
sure  that  five  more  cross  lines  will  be  added  to  the  number  already  on  the  Lough  next  fishing 
season.  This  day  I  asked  the  o\\Tier  of  one  of  the  cross  lines,  who  was  selling  his  fish  in  town, 
what  was  his  best  day  on  the  Lough.  I  tremble  to  give  his  answer — 97  good  trout  and  two 
salmon.  I  met  the  owner  or  part-owner  of  another  cross  line,  who  was  also  selling  fish  in  town. 
He  told  me  he  got  .32.v  for  the  trout  he  had,  and  sold  them  at  GcZ  per  lb.,  and  killed  them  all  one 
day,  with  a  salmon  to  boot.  Good-bye  to  angling  with  rod  and  line  on  Lough  Conn.  It's  done, 
at  least  for  some  time." 
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as  well  as  if  late  in  the  season  wlien  few  flies  are  born.  When  the  water  is 
opaque  a  worm  or  spinning  bait  may  be  employed  with  success.  In  small  streams 
real  flies  and  grasshoppers  may  be  used  as  bait  for  hooks  and  a  short  line  which  is 
bobbed  on  to  the  surface  of  the  stream  from  over  a  bush.  If  once  pricked  by  the 
hook  it  is  generally  but  not  invariably  shy  :  while  it  is  disturbed  by  flies  clum- 
sily thrown  or  splashing  into  the  water.  Frosty  weather  checks  trout  moving, 
and  while  snow  water,  or  that  derived  from  the  melting  of  snow,  is  running  into 
a  stream  it  is  almost  useless  attempting  to  fish  with  the  rod. 

In  the  dry  weather,  at  the  Orkneys  in  1882,  the  water  in  the  Loch  of  Harray, 
on  the  west  mainland,  was  reduced  in  volume  and  rendered  tepid  by  a  succession 
of  hot  days.  The  trout  assembled  in  shoals  at  the  mouths  of  the  burns  and  were 
slaughtered  in  thousands  by  netting. 

As  regards  angling,  Mr.  Fiiancis  observed  in  The  Fishing  Gazette  that  "  the  flies 
which  I  now  use  at  Drifiield  are  hardly  i  of  the  size  with  which  I  used  to  kill 
nearly  fifty  years  ago,  and  there  is  no  small  difliculty  in  obtaining  undrawn  gut 
fine  enouo-h  for  the  anglers'  purpose.  But  Mackintosh,  who  fished  the  same 
waters  at  the  beginning  of  the  century,  tells  us  of  a  time  when  the  flies  thrown 
there  were  almost  of  lake  size,  and  when  he  found  it  a  good  plan  to  tie  his 
droppers  on  hog's  bristles." 

j^aits. — Worms  as  brandling,  gilt-tail  meadow-worm,  tug-worm  and  red- 
-^yorm — for  a  large  one  a  well  scoured  dew-worm.  A  minnow  or  any  small  silvery 
fish,  a  loach,  or  a  bullhead  with  its  fins  removed. 

Breeding. — Trout  commence  breeding  in  their  second  year  or  prior  to  their 
attainino-  24  months  of  age,  and  often  later  in  the  season  than  their  parents.  The 
males  are  more  forward  than  the  females,  but  at  this  early  period  of  their  lives 
the  probabilities  of  the  ova  being  healthy  and  fertile  are  less  than  in  somewhat 
older  examples.  At  first  the  number  of  males  appears  to  be  in  excess  of  the 
females,  but  the  mortality  among  them  is  greater  than  in  those  of  the  other  sex, 
until  at  3  or  4  years  of  age  the  proportion  may  be  expected  to  be  about  the  same, 
and  subsequently  females  preponderate.  The  number  of  eggs  pi'oduced  by  each 
female  trout  has  been  roughly  estimated  at  800  for  every  pound's  weight  of  the 
fish,  which  computation  has  been  observed  at  the  Howietoun  breeding  ponds  to 
be  fairly  accurate.  But  the  size  of  the  parent  exercises  a  considerable  influence 
on  that  of  the  eggs,  thus  in  Sir  J.  Gibson-Maitland's  fish  farm  we  found  the 
following  average  numbers  to  be  present — in  2  and  3-year-old  fish,  O'l  7  of  an  inch 
in  diameter;  in  6-year-olds,  0-18  to  019  inch.;  and  in  8-year-olds  0-20  to  0-22 
inch  {see  p.  25  ante,  also  under  the  head  of  Lochleven  trout,  p.  228).  The  colour 
of  the  eggs  are  as  various  as  observed  in  the  salmon,  and  I  have  seen  some 
orano-e,  others  straw-coloured,  from  two  fish  taken  together  out  of  the  same 
breeding  pond.* 

As  the  young  trout,  unless  due  to  exceptional  circumstances,  grow  more  quickly 
the  earlier  the  spawn  has  been  deposited,  or  rather  get  a  better  start  early  in 
the  season,  it  is  advisable  if  possible  to  get  young  from  November  eggs  rather 
than  those  from  January  and  February. 

The  period  at  which  these  fish  breed  varies  in  different  rivers  and  districts, 
extending  from  October  until  February  and  even,  although  rarely,  to  March. f 

*  Jacobi's  paper  on  Trout  HatcJiinri,  1763,  appeared  in  Hie  Hanover  Magazine;  it  \Yas  trans- 
lated and  reproduced  in  Yarrell's  British  Fishes. 

t  Col.  Whyte  writing  to  Land  and  Tfrt^er  observed,  "I  visited  the  spawning  ground  for  a  trout 
lake  of  mine  on  February  10th,  and  there  were  not  one-half  the  usual  number  of  redds.     Again 

1  went  there  one  month  later,  and  found  the  usual  number,  and  the  trout  were  seen  spawning 
there  during  the  first  week  in  March.  Generally  speaking,  the  spawning  is  finished  in  November." 
W.  B.  Scott,  Field,  ]\Iarch  22nd,  1884,  stated,  "  Trout  in  the  river  Teign  and  its  tributaries,  also 
in  the  river  Kenn  and  several  other  streams  in  this  neighbourhood  (Chudleigh),  are  now  full  of 
ripe  spawn.  I  have  known  the  streams  here  for  fifty  years  and  I  never  heard  of  such  a  circum- 
stance before.  The  proper  time  for  trout  spawning  used  to  be  in  the  late  autumn  months, 
October  and  November."  E.  N.,  Field,  February  9th,  1884,  remarked,  "I  have  this  morning, 
February  2nd,  taken  out  of  my  trap  two  pairs  of  spawning  fish,  one  of  the   males  being  nearly 

2  lb.  One  pair  had  partly  spawned  exactly  in  the  same  spot  where  some  of  the  November  fish 
had  spawned,  whose  eggs  are  now  just  hatching  and  not  likely  to  be  improved  by  being 
disturbed." 
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Mr.  Harvic-Brown  at  Lncli  Gorm,  in  Sntlicrland,  which  i.s  greatly  fed  hy  snow 
■water  from  the  Bucht  of  Bonmore,  lias  taken  trout  heavy  with  spawn  in  Juno  and 
July.*  It  has  been  questioned  whether  those  fish  arc  annual  or  biennial  breodi!rs,t 
and  Dr.  J.  Daw  came  to  the  conclusion,  after  exaniinini^  a  large  number  captured 
in  open  streams,  that  only  half  spawned  annually.  +  At  llowiotoun,  it  has  been 
found  that  some  at  least  are  annual  spawners  there.  It  is  also  clear  that  in  somo 
waters  a  portion  at  least  of  these  fish  arc  not  annual  breeders.  A  marked  example 
of  Lochleven  trout  was  spawned  at  Sir  J.  Gibson-Maitland's  on  November  27th, 
187-A,  and  again  on  November  25th,  1875.  In  ponds  destitute  of  streams,  no 
young,  as  a  rule,  are  produced,  either  due  to  spawn  not  being  developed,  remaining 
unfertilized,  or  else  deposited  in  an  unsuitable  place.  It  has  been  generally 
considered  that  when  the  ova  of  these  fish  have  arrived  at  a  certain  stage  the 
female  has  no  power  to  retain  them  but  they  must  be  extruded,  a  conclusion 
which  there  is  reason  to  doubt,  as  it  has  been  found  possible  to  retard  the 
deposition  of  the  eggs  for  as  much  as  a  fortnight  or  even  three  weeks,  by  placing 
the  fish  in  a  wooden  box  through  whicli  a  current  of  water  flows. 

To  my  mind,  the  experiments  in  breeding  trout  (see  p.  26  aiite)  should  teach  a 
most  important  lesson  to  all  who  desire  to  stock  their  waters  with  a  healthy  and 
large  race.  The  parents  ought  to  be  selected  from  fish  that  are  in  full  vigour 
and  of  mature  age,  which  can  only  be  attained  where  segregation  is  properly 
carried  out.     Netting  breeding  fish  in  streams  at  haphazard  and  collecting  their 

*  One  taken  by  Mr.  Fowler  in  Loch  Toll  au  Lochain,  in  Ross-shire,  on  June  17th,  1885, 
weighed  14i  lb.  It  contained  numerous  ova  so  ripe  that  they  were  running  out  when  received 
by  Mr.  Eden  in  London  to  be  cast. 

t  E.  B.  L.,  in  27(6  Field,  January  20th,  1886,  remarked,  "In  the  very  first  week  in  this 
month  one  is  always  attracted  by  unusually  fine  trout  displayed  on  the  stalls  of  the  metropolitan 
fishmongers.  The  majority  of  such  fish  are  in  perfect  condition,  some  of  them  as  fat  and  broad, 
and  firm  and  bright,  as  if  they  had  fed  on  the  daintiest  and  choicest  of  the  ephemera  during 
the  winter  months.  The  Irish  lakes  produce  these  charming  fish.  It  would  be  interesting  to 
know  when  these  trout  spawn,  or  are  they  spawning  fish  at  all  ?  Certainly,  those  in  such  prime 
order  now,  never  either  shed  milt  or  ova  during  the  last  season ;  if  they  had,  their  condition 
would  not  be  what  it  is  at  present.  The  lakes  of  Killarney  and  other  districts  appear  to 
produce  these  irregularly  breeding  trout  in  greater  numbers  than  our  English  waters.  In  Winder- 
mere, Westmoreland,  the  large  trout  netted  early  in  the  season— and  the  smaller  ones  too,  for 
that  matter— are,  as  a  rule,  poor  lanky  things,  ill-mended  kelts,  in  fact.  On  the  contrary,  badly- 
fed  early  spring  fish  from  the  Irish  lakes  are  exceptional.  Every  river  contains  barren  trout  in 
certain  numbers,  but  such  are  generally  of  small  size,  bright  fellows,  that  may  even  be  seen  rising 
during  any  mild  day  throughout  the  winter,  when  the  little  black  midges  come  on  the  water  during 
the  early  afternoon.  No  doubt  these  Irish  lake  trout,  Hke  the  chars  and  gillaroos,  feed  in  the  deep 
water  on  the  larvaj  and  various  water  beetles  and  insects  found  in  such  places ;  but  how  often  do 
these  choice  specimens  spawn,  if  at  all  ?     This  would  no  doubt  be  welcome  knowledge  to  many 

Mr.E.  T.  Danbury,  Bedhampton  Rectory,  in  T]i£  Field,  J a,nua.ry  19th,  188-1,  remarked  on 
having  placed  a  pair  of  trout  in  a  good  sized  hamper  in  the  water,  intending  to  take  the  spawn 
when  the  female  was  ripe.  Next  morning  he  found  the  female  had  been  so  maltreated  by  the 
male  during  the  the  night,  as  to  be  completely  disfigured  and  in  a  dying  state.  Obtained 
about  2000  ova.     The  male  was  larger  than  the  female. 

Mr.  J.  Douglas  Ogilby,  Altnachree,  observed,  March  9th,  1884,  "  I  got  leave  from  the  Irish 
Fishery  Commissioners  to  catch  brown  trout,  and  since  that  date  have  obtained  and  examined 
sixty  trout  varying  in  size  from  4  in.  to  10  in. :  of  these  18  males  and  26  females  had  the  spawn 
plainly  visible  :  perhaps  my  meaning  will  be  better  conveyed  when  I  say  that  in  a  0  in.  fish  the 
lobes  of  ova  would  average  1|  in.  long.  The  remaining  14  were  without  any  symptoms  of 
breeding  at  all.  /  s  mi 

"  I  have  remarked  several  things  during  the  course  of  these  investigations.  (1)  That  m  the 
spring  months  the  female  fish  preponderate  in  number  and  are  seemingly  further  advanced  in 
spawning,  while  the  reverse  holds  good  in  the  autumn  :  and  (2)  that  the  very  small  trout  are  as  a 
rule  more  advanced  than  the  larger  and  show  a  much  higher  percentage  in  the  numbers  inwhich 
spawn  is  visible,  especially  again  among  the  female  fish.  (3)  I  frequently  find  at  the  posterior  end 
of  each  lobe  of  ova,  one  or  two  fully  developed  ova  evidently  of  last  year,  but  I  presume  this  is  of 
little  consequence.  .  .  The  trout  in  these  burns  average  six  to  the  lb." 

I  On  June  12th,  188G,  opened  a  female  trout  taken  yesterday  in  the  Windrush  with  the  May- 
fly, and  which  was  gorged  with  these  EphemeridsD.  I  found  two  trout  eggs  in  its  abdomen,  one 
nearly  as  low  as  the  ventral  fin,  the  other  with  numerous  blood  vessels  going  to  it  from  the  surface 
of  the  liver  and  intestines.  The  fish  was  in  good  condition  and  eggs  for  the  next  season  visible, 
0-02  in.  in  diameter  :  in  this  case  it  would  appear  that  the  trout,  if  it  had  lived,  would  have  bred 
two  seasons  consecutively.  Probably  food  is  a  considerable  factor  regulating  capability  of  breedmg. 

14 
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e^<ys  may  give  a  good  show  as  to  numbers,  but  not  in  tlie  size  of  the  ova  and 
the  subsequent  condition  of  the  young  fry.  To  obtain  the  best  results  numerous 
ponds  must  be  under  the  sole  control  of  one  management,  and  means  taken  to 
prevent  their  contents  being  tampered  with,  and  in  this  way  only  can  the  breed  of 
trout  be  gradually  improved.  The  argument  may  be  advanced  that  young  fish 
reared  in  England  are  larger  at  one  or  two  years  old  than  are  those  raised  in  the 
colder  North,  but  such  does  not  prove  them  to  be  more  adapted  for  stocking  pieces 
of  water.  It  is  more  probable  that  those  raised  in  colder  places  have  hardier 
constitutions  and  are  better  able  to  fight  the  battle  of  life,  while  they  certainly 
grow  much  more  rapidly  when  removed  to  a  warmer  spot  than  if  left  in  Scotland, 
and  perhaps  in  a  short  time  attain  to  a  greater  size  than  their  relatives  reared  in 
warmer  southern  streams  will. 

Lochleven  trout  at  Howietoun  cease  to  be  prolific  breeders  at  eight  or  ten 
years  of  age,  and  the  late  Mr.  Arthur,  writing  from  Otago  (February  10th,  1885), 
observed,  "  For  what  it  is  worth  Ave  find  trout  breeding  every  year.  Certain  lean 
and  moribund  males,  however,  caught  in  1875  and  1876,  had  no  doubt  ceased  to 
be  fertile  and  these  were  seven  to  eight  years  old." 

I  have  seen  trout  in  good  condition  near  the  end  of  the  year  in  which  no 
seasonable  augmentation  in  the  size  of  the  breeding  organs  had  commenced  and 
they  must  necessarily  have  been  sterile  that  season,  but  were  in  excellent  condition 
for  the  table.*  On  the  other  hand  I  have  observed  some  badly-nourished  forms 
likewise  sterile,  and  probably  from  this  cause,  while  I  have  been  unable  to 
discover  any  evident  difference  in  the  lengths  of  the  fins  of  sterile  and  fertile  fish 
as  observed  by  "Widegren.f 

Although  trout  generally  migrate  into  the  smaller  contiguous  brooks  to  breed, 
large  ones  are  more  frequently  found  forming  redds  in  the  broader  and  deeper 
streams  than  are  smaller  fish.  But  it  is  by  no  means  rare  to  find  large  examples 
having  taken  possession  of  pools  in  burns. 

A  trout's  redd  or  nest  is  a  mound  of  gravel  which  would  fill  one  or  even  two 
wheelbarrows,  and  when  by  probably  causing  a  shallow  may  assist  in  aerating  the 
water.  The  eggs  themselves  lie  loose  among  the  gravel  at  from  one  to  two  feet 
below  the  surface.  Eggs  when  shed  are  elastic,  but  soft,  and  sink  in  water ; 
when  artificially  jDropagated,  the  milt  of  the  male  is  added  to  the  eggs  as  described 
at  page  31  aiite.  The  period  for  which  milt  will  remain  serviceable  after  removal 
from  the  fish  is  an  interesting  subject.  On  October  23rd,  1874,  some  was 
obtained  at  Howietoun  at  9  A.m.  from  a  Salmo  fario,  then  carried  to  Loch  Leven  in 
a  tightly  corked  phial,  and  used  at  1.20  p.m.  :  the  impregnation  turned  out  to  be 
perfect.  Ova  or  milt  may  be  kept  alive  for  some  hours,  but  the  addition  of 
water  is  rapidly  fatal. 

April  8tli,  1887,  at  Delaford  Fish  Farm,  I  observed  a  very  considerable  diifer- 
ence  in  the  colours  of  the  alevins,  the  sac  of  those  from  the  Colne  trout  eggs  were 
red,  whereas  others  from  elsewhere  were  more  or  less  straw-coloured  or  pale.  The 
adipose  dorsal  fin  of  Kennett  trout  showed  very  slight  orange,  so  also  did  both  edges 
of  the  caudal,  while  there  was  none  on  the  adipose  fin  of  the  Lochlevens.  Two  days 
previously  I  had  visited  Mr.  Andrews'  famous  establishment  at  Guildford,  where 
in  some  yearling  Lochleven  trout  raised  from  Howietoun  eggs  I  found  as  follows: 
— 8,  8,  9,  9,  9,  10,  10,  11,  13,  13,  par  bands.  In  all  the  adipose  dorsal  was  tipped 
with  orange  and  caudal  red  margined.  Also  the  alevins  showed  orange  on  the 
adipose  dorsal  not  only  as  soon  as  the  sac  was  absorbed,  but  even  previously.  I 
also  examined  a  number  of  brook  trout  from  the  local  race  and  found  9  to  10 
bands  normal,  but  one  had  15.  They  had  the  orange  on  the  adipose  dorsal  fin 
very  unequally  distributed,  and  one  had  three  beautiful  vermilion  spots  on  it.     A 


*  Taylor  in  Angling  in  all  its  Brandies,  1800,  observed  that  in  the  Clun,  Shropshire,  there  are 
a  number  of  trout  which  do  not  grow  very  large  :  but  the  angler  will  often  take  barren  trouts,  that 
are  excellent  in  winter,  when  other  trouts  are  good  for  nothing.  See  also  F.  Gosden,  Fishing 
Gazette,  1886,  p.  28. 

t  Widegren  observed  that  in  Scandinavia  sterile  trout  were  more  silvery  than  specimens  of 
the  same  age  and  size  which  had  ova  and  milt  developed. 


FRESH.WATER  TROUT— BREEDING  AND   CULTIVATION.      211 

j-earling  of  the  local  brook  trout  which  I  measured  \Ya.s  9|  inches  in  length,  and 
was  said  to  bo  by  no  means  the  largest  of  the  lot. 

Respecting  the  artificial  breeding  of  these  li.sli,  whether  for  stocking  depleted 
waters,  koepinf  up  the  supply,  or  the  introduction  of  trout  to  localities  from 
which  they  had  been  previously  absent,  several  questions  have  to  be  considered. 
Are  the  ogo-s  to  be  locally  obtained,  fertilized,  and  incubated  ?  (see  p.  20  anlr) 
or  is  it  intended  to  obtain  eggs  from  elsewhere  ?  What  breed  would  bo  most 
suitable?  and  at  what  stage  of  incubation  arc  the  eggs  going  to  be  procured?  (see 
pp.  81,  32  ante.)  If  it  is  intended  to  obtain  them  in  the  eyed  stage,  are  they  going 
to  be  hatched  in  boxes  or  in  redds  (see  p.  43  a7ife)  in  the  stream  ?  Lastly,  if 
stocking  is  to  be  effected  by  means  of  the  young,  are  one  or  two-year-old  fish  to  bo 
selected  for  the  pui-pose  ? 

The  race  of  i'resh-watcr  trout  that  has  been  most  cultivated  in  Britain  is  that 
of  the  Lochleven  at  Howietoun,  but  doubtless  were  the  bi-ook  trout  simihirly 
treated  and  its  pedigree  breeding  equally  well  carried  out,  there  would  be  little 
to  choose  between  the  two  races ;  but  as  at  present  such  has  not  been  attempted, 
go  practically  the  proprietor  who  wishes  for  a  fine  breed  has  no  selection.  In 
small  streams,  where  food  is  not  abundant,  it  is  probably  better  to  supply  oggn 
or  young  from  small  forms,  and  not  from  the  larger  framed  races,  which  would 
be  compai-atively  starved  in  such  localities.  Some  practical  fishermen  are  of 
opinion  that  a  naturally-fed  trout*  is  worth  at  least  three  artificially  reared,  for 
stocking  the  majority  of  waters;  and  that  fish  which  have  daily  received  a 
plentiful  supply  of  artificial  food,  without  trouble  on  their  part,  deteriorate 
seriously  in  condition,  if  some  do  not  even  die,  when  they  are  suddenly  turned 
into  a  stream  where  food  is  not  too  plentiful,  and  is  obtained  witli  some  difficulty. 
But  this  is  certainly  not  the  case  in  some  localities,  and  full  particulars  of  the 
best  course  to  pursue  under  different  conditions  is  to  be  found  in  the  history  of 
Howietoun  and  other  similar  publications  on  the  artificial  breeding  and  stocking 
of  waters  with  trout  (see  also  pp.  44  and  45  ante),  while  it  may  be  considered  an 
almost  invariable  rule  never  to  change  water  in  which  young  trout  are  being 
carried  during  transit. 

In  some  instances  it  has  been  surmised  that  floods,  as  in  the  Thames,  occur- 
ring just  after  the  spawning  season,  are  occasionally  productive  of  mischief,  by 
carrying  off  the  weak  fish,  but  in  most  cases  it  is  probable  that  they  seek 
safety  in  some  local  place  of  security.  If  carried  over  embankments,  especially 
those  made  by  railways,  there  is  more  risk  of  their  not  being  able  subsequently 
to  regain  the  river. 

As  regards  the  cultivation  of  trout  streams  much  may  be  accomplished,  but 
degeneration  of  stock  generally  will  not  be  arrested  by  introducing  larger  forms 
of  "trout,  for  the  cause  is,  as  a  rule,  to  be  found  in  absence  of  sufticient  food  or 
some  local  prejudicial  agent,  and  larger  frames  require  more— not  less — diet. 
Mr.  Francis,  Fishing  Gazette,  July  10th,  188G,  remarked  "  that  in  contrastingmy 
early  days  of  English  fly-fishing  with  my  more  recent  experiences,  nothing  strikes 
me  more  than  the  different  ages  at  which  I  have  found  trout  at  their  best.  To 
particularize  streams  would  involve  me  in  tedious  detail;  but  I  have  fully  a 
dozen  first-class  trout  streams  in  my  mind's  eye  in  which  the  big  fish,  especially 
after  May,  used  to  be  the  best  for  the  table,  whereas  now  the  judicious  gotirmet 
would  almost  always  select  for  his  breakfast  or  supper  the  smallest  trout  which 
the  rules  permit  to  be  killed.  Where  the  2  lb.  used  of  old  to  be  red-fleshed, 
firm,  and  combative,  I  find,  except  in  a  few  specially  favoured  reaches,  that  hardly 
a  fish  over  20  oz.  is  worth  cooking,  and  that  a  ^  lb.  is  better  for  the  table,  as  well 
as  livelier  on  the  hook  than  his  seniors." 

*  "  Green  Wren,"  in  The  Field,  Dec.  4th,  1886,  referring  to  the  greater  difficulty  which  is 
being  yearly  observed  to  get  trout  to  rise  and  take  the  fly,  suggested  that  this  may  bo  due  to  inherited 
instinct,  and  has  been  universally  attributed  to  education  from  over  fishing  and  a  bad  habit  of 
bottom  feeding  or  preying  on  the  half-developed  fly.  As  a  remedy  he  proposed  "  to  breed  trout  arti- 
ficially as  much  as  you  possibly  can,  but  do  not  breed  from  a  single  fish  which  has  not  been 
captured  by  the  fly.  By  this  means  you  would  secure  a  progeny  whose  inherited  instinct,  if  such 
a  thing  exists,  would  be  a  taste  for  the  fly,  and,  let  us  hope,  a  distaste  for  the  vulgar  and  plebeian 
habit  of  bottom  feeding." 

14  * 
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Similarly  in  Wales,  it  has  been  found  that  the  great  increase  in  the  numbers  of 
fly.fishers  has  been  coincident  with  decreased  size  of  flies  and  diminished  baskets 
of  fish.  In  some  pieces  of  water  one  sees  thousands  of  small  trout  and  no  large 
ones,  and  it  would  seem  as  if  the  general  size  is  such  that  they  are  unable  to 
prey  upon  one  another ;  consequently,  all  starve  together.* 

For  good  fishing,  it  is  necessary  to  have  a  good  breed  of  trout  and  plenty  of 
food.  If  there  is  a  large  stock  by  consuming  the  food  and  producing  a  famine, 
some,  if  not  all,  must  be  kept  out  of  condition ;  and  in  such  cases  it  is  necessary 
either  to  increase  the  food  or  decrease  the  stock.  While  pike  in  waters  will  often 
prevent  trout  feeding  :  even  large  trout  of  a  kelt-like  form  may  be  as  injurious  as 
pike  by  eating  the  smaller  fish.  Streams  coming  from  a  limestone  formation  and 
high  hills,  generally  give  smaller  fish  than  those  which  pass  over  rich  meadows, 
where  the  water  is  warmer  and  the  food  superior. 

It  has  been  observed  in  Germany,  that  young  trout  thrive  best  in  natural 
streams  for  the  first  six  months  of  their  lives,  and  subsequently  best  in  trout 
ponds  from  5  to  10  feet  deep,  and  ^  to  f  of  an  acre  in  extent.  Shallowest  at  the 
inlet  to  allow  the  water-weeds  to  grow  and  thus  furnish  animal  life  ;  deepest  at 
the  other  end  to  permit  the  temperature  to  be  low  (see  Fishing  Gazette,  May  8th, 
1886). 

That  the  existence  of  places  in  a  clear  stream  where  trout  can  conceal  themselves 
are  almost  a  necessity,  must  be  admitted  by  every  fisherman.  The  wave  of  a  fishing 
rod,  the  appearance  of  some  unusual  phenomena  will  make  the  fish  either  rush 
to  their  accustomed  haven  of  security,  or  dash  away  to  and  alarm  the  shoal. 
Also,  when  from  some  cause,  as  a  miller  cutting  the  weed,  these  hides  have  been 
destroyed  or  are  deficient  in  a  stream,  an  angler  has  but  little  chance  of  making  a 
capture,  and  as  a  result,  the  trout  increase  in  numbers  more  than  in  size.  The 
following  plan  has  been  found  by  Mr.  Francis  in  some  streams  to  prove  efiicacious  : 
nail  some  inch  deal  boards,  7  feet  long,  to  three  cross  pieces  of  ash,  G  feet  long, 
and  three  inches  by  two  inches,  making  a  kind  of  table  7  feet  by  6.  Then  drive 
four  plugs  into  the  centre  of  the  stream  about  5  feet  apart,  square,  and  standing 
eight  inches  from  the  bottom.     The  table  to  be  nailed  to  the  plugs. 

Many  of  the  agencies  which  destroy  the  ova  or  young  of  these  fishes  have  been 
detailed  (pp.  28,  45,  &c.).  Robins,  hedge-sparrows  and  water  ousels  are  not 
harmless,  but  have  been  observed  carrying  ofi'  eggs  and  young  fish  (Beresford, 
Fidd,  July  2nd,  1884),  the  wagtail  has  likewise  been  accused  of  the  same  practices. 
In  the  United  States,  mosquitoesf  have  been  observed  killing  young  fish,  while  an 
external  parasite,  Argidus  foliacceus,  is  not  rare  in  our  fresh  waters,  and  is  also 
destructive.  In  some  places  I  liave  known  the  bed  of  the  stream,  when  the  Avater 
has  been  run  off,  absolutely  swarming  with  bull-heads,  Cott^is  gohio,  which  fish  are 
most  destructive  to  young  trout. 

Mr.  Hutton,  Fishing  Gazette,  July  17th,  1886,  gave  an  account  of  seeing  in  the 
backwater  of  the  Dove,  a  trout  of  about  1  lb.  struggling  with  an  eel  8  or  9  inches 

*  Mr.  Francis,  Fishing  Gazette,  July  10th,  1886,  observed  that  "in  Llyn  Ogwyn  years  ago,  from 
May  to  September,  a  good  hand  on  any  fair  day  might  take  from  three  dozen  to  four  dozen  vigorous 
red-fieshed  trout,  averaging  about  10  oz."  Twenty-five  years  later  he  found  baby  trout,  due  to  the 
owner  ceasing  a  practice  long  in  existence  of  periodically  netting  the  shallow  end  of  the  lake, 
as  a  result  of  which,  the  trout  have  multiplied  beyond  proper  limits,  causing  a  disproportion. 

t  A  recent  Bullet  ill  of  the  United  States  Fish  Commissioii  contains  the  following: — "In  the 
middle  or  latter  part  of  June,  1882, 1  was  prospecting  on  the  head  Avaters  of  the  Tumichie  Creek, 
in  the  Gunnison  Valley,  Colorado.  About  nine  o'clock  in  the  morning  I  sat  down  in  the  shade 
of  some  willows  that  skirted  a  clear  but  shallow  place  in  the  creek.  In  a  quiet  part  of  the  water, 
where  their  movements  were  readily  discernible,  were  some  fresh-hatched  brook  or  mountain 
trout,  and  circling  about  over  the  water  was  a  small  swarm  of  mosquitoes.  Every  few  minutes 
these  baby  trout^for  what  purpose  I  do  not  know,  unless  to  get  the  benefit  of  more  air — would 
come  to  the  surface  of  the  water,  so  that  the  top  of  the  head  was  level  with  the  surface.  When 
this  was  the  case  a  mosquito  would  light  down  and  immediately  transfix  the  trout  by  inserting  its 
proboscis,  or  bill,  into  the  brain  of  the  fish,  which  seemed  incapable  of  escaping.  The  mosquito 
would  hold  its  victim  steadily  until  it  had  extracted  all  the  life  juices,  and  when  this  was  accom- 
phshed  it  would  fly  away,  and  the  dead  trout  would  turn  over  on  its  back  and  float  down  the 
stream.  In  half  an  hour,  over  twenty  trout  were  sucked  dry,  and  their  lifeless  bodies  floated 
away  with  the  current." 
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long.  It  won-ioil  it  as  long  as  seen,  like  a  terriei-  at  a  rat.  A  fow  years  previously 
Major  Tarle  rouml  a  line  Test  tront  choked  by  an  eel  it  had  attempted  to  swallow. 
Mr.  Francis  Francis  witnessed  the  river  lamprey  removing  the  stones  over  front 
redds,  and  doing  incalculable  injui-y  to  the  ova. 

Life  Jiistori/.—AU  the  various  forms  of  trout  have  their  par  stage.*  The  sizo 
to  whk-h.  the  adults  attain,  depends  upon  the  suitability  of  the  water  inhabited 
and  the  amount  of  available  food.  Thus,  as  already  observed,  in  some  mountainous 
districts  they  may  never  exceed  three  or  four  ounces  in  weight,  while  young 
hatched  from  the  same  batch  of  eggs  may  attain  to  pounds.  They  are  said  to  bo 
long-lived  fish  ;  one  was  stated  to  have  been  kept  twenty-eight  years  in  a  well  in 
Dumbarton  Castle  ;  another  is  said  to  have  been  iifty-three  years  in  a  well  in  the 
orchard  of  ]\Ir.  Mossop,  of  Board  Hall,  near  Broughton-in-Furness.  While  in  The 
Field,  February  9th,  188-t,  will  be  found  the  account  of  a  trout  taken  from  the 
river  Slitrig  about  thirty  years  previously,  when  it  was  put  into  a  spring  well  in 
the  garden  of  Mr.  \V.  Leithead,  Crowbyrcs,  and  lived  there  until  the  first  week  in 
February,  188i,  when  it  died.  During  its  lifetime  it  was  well  fed  and  kindly 
treated,  but  never  weighed  more  than  a  pound.  Possibly  these  forms  were  sterile 
as  such  an  age  in  stock  ponds  is  unheard  of.f 

Inherited  instinct  may  induce  trout,  as  at  Loch  Lcven,  to  ascend  streams  to 
breed  as  their  ancestors  diti  before  them  :  but  it  would  not  lead  them  to  under- 
stand that  the  conditions  of  those  streams,  due  to  drainage  works,  were  altered, 
so  that  rapid  subsidence  ensues,  leaving  the  ova  dry. 

In  1875  ten  small  trout  from  Lochy  Bhravin  were  introduced  into  Loch  Toll 
au  Lochain,  Ross-shire,  2250  feet  above  the  sea,  and  up  to  that  time  entirely 
destitute  of  fish.  On  September  2nd  and  3rd,  1884,  Mr.  J.  Fowler  and  the  Kev. 
M.  Fowler  took  seventeen  with  a  fly  weighing  30  lb.  The  two  largest  were,  one 
23  in.  long,  weighing  5  lb.  13  oz.,  the  second  22|  in.  long,  weighing  5  lb.  5  oz  , 
the  remainder  varied  between  1  lb.  13  oz.  and  1  lb.  1  oz.  In  these  fish  were 
beetles,  flies,  fresh-water  shrimps  Gammarus,  and  various  insects.  Shell  fish  as 
Ancylus,  and  snails  Limnea,  are  found  in  the  Loch. 

As  food. — Its  value  differs  with  the  localities  from  whence  it  has  been  taken. 
Its  old  name  was  "the  venison  of  the  waters,"  and  denoted  the  general  estimation 
in  which  it  was,  and  is  still  held.  It  is  in  its  primest  season  from  May  until  the 
end  of  September,  deteriorating  in  and  after  the  breeding  period  unless  among 
such  as  are  sterile.  Some  consider  the  females  as  food  to  be  superior  to  the 
males. 

The  difference  in  the  colour  of  the  flesh  of  trout  is  interesting  for  several 
reasons,  and  maybe  seen  from  as  highly  coloured  as  in  a  salmon  to  being  perfectly 
white,  but  this  colour  is  not  invariably  a  test  as  to  its  suitability  for  the  table,  for 
some  white-fleshed  forms  are  excellent,  and  those  which  are  rosy-fleshed  not 
invariably  so,  still  the  reverse  is  generally  the  case.  I  carefully  examined  a  large 
number  in  Sutherlandshire,  mostly  from  Loch  Assynt,  in  June,  1886,  and  found 
the  flesh  to  be  of  all  colours,  from  as  red  as  a  salmon  to  quite  white,  but  as  food 
they  seemed  all  equally  good.     Although,  as  I  have  already  stated,  in  some  places 

*  Yearlinq  trout  are  such  as  are  hatched  in  the  mnter,  say  of  1884-85  {i.e.  February),  and  which 
cease  to  be  yearhngs  at  the  commencement  of  the  following  spawning  season  '8(5.  Mr.  Andrews, 
of  Guildford,  in  the  first  week  of  October,  1884,  sent  Lochleven  trout  and  brook  trout  hatched 
January  and  February  the  same  year  to  the  Exhibition  tanks.  South  Kensington,  and  on  arrival 
they  measured  up  to  62  in.  in  length.  ,     ,,         .    ,         ,     »r     t 

f  "  June  1st,  1876,  a  trout  about  3  in.  long  was  taken  from  the  Moonzie  burn  by  Mr.  James 
Gray,  of  Lanchons  in  Fife,  and  placed  in  Lady  Well,  which  is  situated  at  the  east  end  of  the 
viUage,  and  it  is  now  over  17  in.  long  and  weighs  about  2  lb.  The  children  feed  it  with  worms  and 
bread.  In  1835  a  trout  about  5  in.  long  was  taken  from  the  river  Leader  by  a  man  named 
J.  Grossley,  and  put  into  a  well  in  the  town  of  Earleston,  where  the  village  children  fed  it  many 
years  It  grew  well  for  some  time,  then  got  emaciated,  and  died  in  lS6i),  but  never  increased  in 
weight  over  l^lb. "  (Greville  P.,  FiVW,  November  2-2nd,  1884).  A  correspondent  of  The  ^e^D 
Sporting  Maqazine,  for  November,  1840,  observed  "  that  a  friend  of  his  has  kept  trout  in  a  kind 
of  store  stream,  and  having  fed  them  with  every  kind  of  food,  has  had  some  increase  from  1  lb.  to 
10  lb.  in  four  years.  Mr.  Toomer  placed  in  a  pond  a  trout  of  3i  lb.  which  he  caught  m  the  river 
in  a  storm,  and  in  about  a  year  it  had  grown  to  about  'J  lb."  (Daniel,  lluml  Xports). 
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the  redness  of  tlie  flesh  appears  to  be  caused  Ly  the  diet  of  the  fish,  and  that 
fresh-water  shrimps,  Gammari,  are  one  of  its  causes,  such  does  not  seem  to  be 
always  the  case.  In  the  stream  Churn,  passing  Cowley  and  Colesbourne,  an  afHuent 
of  the  Gloucestershire  Cohie,  there  are  quantities  of  these  Gammari,  but  the  flesh 
of  the  trout  is  white,  and  it  is  not  until  they  near  the  Colne  that  they  get  a 
slight  pinkish  tinge,  yet  all  are  equally  good.  T.  Medwin,  Angler  in  Wales, 
remarked  that  "  trout  which  feed  on  leeches  cut  up  red." 

A  correspondent  oi  Land  and  Water,  June  14th,  1884,  observed  that  "  hitherto 
it  was  a  very  exceptional  thing  to  take  any  other  than  white  fleshed  trout  (above 
Totnes  weir)  :  now,  however,  that  the  dapping  season  has  commenced  the  largo 
fish  in  the  deep  water  above  the  Totnes  weir  have  been  taken  in  considerable 
numbers  :  similar  sized  fish  were  last  year  all  white-fleshed  trout,  but  now  a  large 
proportion  of  them  are  pink.  I  consider  this  is  caused  by  the  fish  feeding  in 
the  tidal  waters  below  Totnes  weir  on  shrimps  and  other  salt-water  food,  and 
they  are  able  by  means  of  the  fish  pass  to  get  up  again  to  the  fresh  water  which 
formerly  they  could  not  do  except  in  floods,  and  then  rarely."* 

The  month  at  which  trout  get  into  condition  is  a  question  that  is  of  consider- 
able interest  to  the  angler  as  well  as  to  the  housekeeper.  In  the  southern  riversf 
which  are  rapid,  of  no  very  great  size,  and  descend  from  hills,  the  small  and 
resident  trout  generally  afford  sport  to  the  angler  as  early  as  Mai'ch  and  April,  J 
possibly  these  small  forms  rapidly  mend  subsequent  to  the  breeding  period.     But 


*  At  a  meeting  of  the  Scotch  Fisheries  Improvement  Association  in  1884,  a  letter  was  read  from 
Mr.  Harvie-Brown  respecting  some  experiments  regarding  the  colom's  of  tish,  observing  that: 
"  The  subject  of  colouration  of  flesh  of  trout  is  a  much  more  intricate  one  than  at  first  appears. 
I  know  of  trout  holding  largely  developed  spawn  in  June  and  July  in  a  loch  in  Sutherland  whose 
flesh  is  not  pink  only,  but  bright  red,  like  a  salmon's,  and  yet  they  are  not  fit  to  be  eaten.  I 
know,  also,  in  a  limestone  burn  the  very  finest  trout,  which  on  the  table  are  perfectly  white  in  the 
flesh,  whatever  size  they  grow  to  ;  but  in  another  limestone  burn  from  the  same  source,  or  nearly 
so.  the  trout  are  quite  different  in  appearance  externally,  but  equally  white  in  flesh  and  equally 
delicious  for  eating,  I  put  a  ^  lb.  trout,  along  with  others,  into  a  previously  barren  loch,  in  two 
years  some  of  these  trout  attained  to  4]-  lb.  weight,  developed  huge  fins  and  square  or  rounded 
tails,  lost  all  spots,  took  on  a  coat  of  dark  slime,  grew  huge  teeth,  and  became  feroces  in  that 
short  time.  The  common  burn  trout,  taken  from  a  very  high  rocky  burn  up  in  the  hills,  in  two 
years  became  indistinguishable  from  Salmo  ferox.  The  first  year  they  grew  to  about  1  lb.  or 
IJ  lb.,  took  on  a  bright  silvery  sheen  of  scales,  were  deep  and  high  shouldered,  lusty  and  powerful, 
more  resembling  Lochleven  trout  than  any  others.  This  was  when  their  feeding  and  condition 
was  at  its  best ;  but  as  food  decreased,  and  they  rapidly  increased  in  number,  spawning  in 
innumerable  quantities,  and  with  no  enemies,  the  larger  fish  began  to  prey  on  the  smaller,  grew 
big  teeth,  swam  deep,  and  lost  colour,  grew  large  fins  and  a  big  head,  and  became  Salmo  ferox 
so-called.  In  two  years  more  the  food  supply  became  exhausted,  and  now  the  chain  of  lochs  holds 
nothing  but  huge,  lanky,  kelty-looking  fish  and  swarms  of  diminutive  '  black  nebs,'  neither  of  the 
sorts  deserving  of  the  angler's  notice.  The  first  year  they  were  splendid  fish— rich  and  fat.  Now 
they  are  dry  and  tasteless." 

t  Respecting  early  trouting  around  Exmoor  the  following  appeared  in  The  Field: — "Mild 
weather  being  granted — a  condition  not  uncommonly  conspicuously  wanting — the  angler  cannot 
get  to  work  upon  the  moorland  streams  too  early  after  February  1st.  The  fish  being  always  in 
season,  so  to  speak,  always  on  the  feed,  are  eager  to  accept  such  lures  as  the  March  brown, 
February  red,  blue  dun,  blue  upright,  or  anything  in  red,  brown,  or  rusty  with  gilt  twist,  or  blue 
with  silver  twist."  On  January  29th,  1887,  J.  D.  B.  wrote  saying  that  "  trout  fishing  in  North 
Devon  begins  February  18th,"  and  R.  N.,  Field,  February  12th,  1887,  replied,  "I  have  always 
maintained  that  this  is  at  least  a  month  too  early.  Trout  fishing  should  not  legally  begin  till 
March  1st,  and  no  one  with  any  regard  for  his  fishery  should  allow  it  till  April  1st.  To-day, 
February  5th,  I  caught  a  trout  15  in.  long,  1  lb.  4i  oz.,  with  the  milt  running  from  him,  and 
within  two  yards  of  the  spot  was  a  newly  made  redd.  On  dissecting  him  I  found  about  two-thirds 
of  his  milt  remaining,  and  in  his  stomach  a  minnow.  Now,  it  is  a  well-known  fact  that  the 
colder  the  water  and  climate  the  earlier  the  trout  spawn ;  but  I  do  not  think  that  they  vary  much 
in  their  time  in  any  district.  The  bulk  spawn  at  the  end  of  December  and  beginning  of  January ; 
the  earliest  I  ever  knew  were  November  13th,  and  the  latest  the  first  week  in  March."  J.  D.  B. 
answered  February  19th,  "  W.  C,  writing  last  week  from  Exeter,  says  that  some  few  trout  have 
been  taken  in  capital  condition.  R.  N.  has  the  mistaken  idea  that  the  cold  weather  acts  upon 
the  spawning  of  the  trout.  Now,  if  we  had  summer  weather  all  through  the  winter,  they  would 
have  to  spawn  when  their  natural  time  came.  Everything  has  its  times  and  seasons.  Trout 
spawn  mostly  in  the  Devon  streams  the  latter  end  of  November  and  beginning  of  December. 
I  believe  that  holds  good  for  every  county  in  England,  Ireland,  Scotland,  and  Wales." 

\  As  early  as  February  in  some  Cardiganshire  and  Montgomeryshire  streams. 
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^vbcre  fisli  are  larger  tlicy  seem  to  take  loiifj^er  altainiiit;'  a  fit  state  for  the  aiij^lcr,* 
and  ill  some  waters  all  are  not  in  condition  by  the  middle  of  A])i'il.     Ephemera 

(1853)  observed,  "  I  never  saw  a  trout  in  ])rime  season  before  JNIay Tho 

trout  season  ought  to  bo  tixed  from  Lst  April  to  loth  August"  (p.  271'). 

Streams  differ  eonsiderably  as  to  the  time  at  which  the  trout  in  them  recoup 
themselves,  partly  consequent  at  tho  period  they  spawn,  and  partly  owing  to  tho 
amount  and  A-ariety  of  their  food,  for  this  may  be  natural  or  even  artificial  as 
Avhen  obtained  from  sewers  emptying  into  rivers.  Early  spawners  without  good 
and  nourishing  food  on  whicb  to  mend  are  not  early  reatly  for  the  table. 

Diseases  and  injuries. — These  have  already  been  considered,  first  when  in  the 
young  stage  (p.  45  ante)  and  under  the  head  of  Salmon  (p.  lO'J  et  seq.)  and  sea 
trout  (p.  180  ante).  Some  coarse  fish,  as  roach,t  are  sometimes  found  to  be 
injurious  to  trout,  for  they  may  augment  in  such  numbers  as  to  consume  the  food 
"which  would  otherwise  form  the  diet  of  the  Salmonida^ :  similarly  minnows  may 
starve  young  trout.  In  Land  and  Water,  May  ()th,  1882,  Mr.  Hoarder  of  Plymoutli, 
described  how  a  trout  about  11  in.  long  was  hooked  in  the  Plym,  and  which  on 
being  landed  was  found  to  have  an  india-rubber  band  over  the  head.  It  had 
slipped  backwards  and  had  got  partly  under  the  gill-covers  where  it  Avas  coin- 
pressing  the  gills,  and  had  deeply  furroAvod  the  isthmus.  The  fish  Avas  in  splendid 
condition.     Leeches,  Piscicola  geovietra,  are  often  injurious  to  trout. 

Legislation. — Many  anglei'S  in  England  are  of  opinion  that  it  would  be  better 
for  sport  Avere  the  opening  of  the  trout  season  never  to  commence  before  the 
middle  of  March,  which  even  then  is  early,  except  for  some  streams  in  Wales  and 
Devonshire.  J 

Salmon  preservers  seem  to  generally  believe  that  the  trout  by  consuming 
salmon  eggs  and  the  fry,  becomes  one  of  the  gTeatest  enemies  they  have  ;  but  it 
is  not  very  probable  that  any  considerable  number  of  the  former  are  extracted 
from  redds  if  such  are  at  the  usual  depth  :  but  that  they  Avill  eat  salmonoid  ova  if 
they  get  the  chance  is  Avell  known,  even  parent  fish  having  been  observed  to  dcA^our 
their  own  eggs  as  they  were  being  deposited — while  salmon  kelts  kill  numerous 
small  trout. 


*  It  A\-as  also  observed  in  The  Field  that,  "Perhaps  these  conditions  are  exactly  re\'ersed  in 
the  case  of  the  rich  and  luscious  chalk  streams,  Avhere  the  trout  are  almost  of  a  different  species, 
running  to  a  much  larger  size,  breeding  later  and  more  sparingly,  and  re(iuiriug  a  long  rest  and 
some  nutritious  feeding  to  regain  their  grand  proportions  of  fine  condition.  I  can  easily  imagine 
how  the  happy  members  of  the  Houghton  Club,  who  patiently  bide  their  time  for  the  well- 
nurtured  and  highly- educated  leviathans  of  the  Hampshire  rivers,  might  look  down  with 
contempt  upon  the  easy  sport  of  March  fishing  on  Welsh  or  Devonshire  streams,  and  jeer  at 
impatient  anglers  Avho  rejoice  to  face  an  easterly  wind  for  the  capture  of  a  dozen  or  two  of  small 
but  delicious  trout  that  scarcely  make  up  a  satisfying  dish  for  a  rustic  appetite." 

f  "  Koach  V.  Trout.  A  7-acre  artificial  lake  was  stocked  with  these  two  forms.  As  the  former 
have  increased  in  numbers  the  trout  seem  to  diminish  in  size.  Some  time  ago  Avhen  the  roach 
were  very  scarce,  there  were  trout  up  to  3  lb.,  and  the  average  was  OA'er  l^lb.  Now  it  is  very 
seldom  that  a  trout  is  got  over  1  lb.'' — Field,  April  2Gth,  1884. 

J  Mr.  Pritt,  in  The  Field,  April  17th,  1886,  observed,  "Eeferring  to  the  letter  of  'Amicus,'  in 
The  Field  of  the  10th,  your  correspondent  speaks  of  the  '  few  rivers  where  trout  are  allowed  to  be 
taken  on  Feb.  2nd  ;'  he  is  possibly  unaware  that,  so  far  as  the  conservators  are  concerned,  this  is 
the  case  with  some  rivers  in  Lancashire  and  with  every  river  in  Yorkshire,  and  the  streams  of  the 
latter  county  alone  are  more  than  can  fairly  be  called  '  a  few.'  Where  a  later  date  for  opening 
has  been  fixed  in  these  rivers  it  is  tlirough  the  action  of  the  local  clubs,  and  these  do  not  by  any 
means  cover  the  Avhole  length  of  tho  fishable  water.  The  result  is  that,  on  those  stretches  which 
are  protected  neither  by  the  water  bailiffs  of  the  conservators  (who  devote  their  attention  mainly 
to  salmon)  nor  by  the  rules  of  the  local  associations,  an  amount  of  fish  destruction  goes  on  in  the 
earlier  part  of  the  season  which  it  is  pitiable  to  hear  of.  Neither  size  nor  condition  is  allowed  to 
overrule  the  belief  that  all  is  fish  tliat  comes  to  the  net." 

Mr.  J.  Naden,  Field,  March  .'Jth,  1887,  Avriting  from  Hartingdon,  Derbyshire,  remarked,  "  I 
think  (at  least  for  this  part  of  the  country,  North  Derbyshire  and  North  Staffordshire)  the  fishing 
season  both  closes  and  opens  too  soon.  The  trout  licre  are  in  good  condition  till  tlic  middle  of 
October.  They  are  in  as  good  condition  at  the  end  of  October  as  they  are  at  the  beginning  of 
March.  At  the  time  I  am  writing  this  (February  24th)  numbers  of  them  arc  in  the  little  rivulets 
spawning.  But  unless  in  other  parts  of  this  river,  and  in  other  rivers,  the  trout  spawn  much 
earlier  than  they  do  here,  I  think  the  Board  would  do  Avell  to  reconsider  the  close  time  for  them 
— i.e.,  if  the  time  is  fixed  by  the  Board,  and  not  by  the  Imperial  Legislature." 
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In  some  "waters  it  lias  been  held  that  not  killing  eels  is  very  destructive  to 
trout,  consequently,  night-lines  should  be  permitted.  Eels  in  some  localities  are 
more  mischievous  than  in  others,  while  otters  are  said  to  be  very  partial  to  eels. 
It  is  stated,  in  the  forty-sixth  Report  (1883-84)  of  the  Thames  Angling  Preservation 
Society,  that,  "as  regards  the  trout,  -which,  previous  to  the  abolition  of  night-lines, 
were  gradually  diminishing,  there  is  now  an  abundant  supply,  and  the  past  season 
has  afforded  substantial  evidence  that  those  fish  are  yearly  increasing  in  numbers 
and  the  prestige  of  former  days  returned." 

Habitat. — The  colder  and  temperate  portions  of  the  northern  hemisphere, 
descending  in  Asia  as  far  south  as  the  Hindoo  Koosh,  but  not  normally  present  in 
any  portion  of  Hindostan.  Heber,  mistaking  a  spotted  carp,  JBarilius,  for  a  trout, 
asserted  they  were  found  on  the  Himalayas,  on  which  authority  Couch  gave  India 
as  one  of  its  habitats.  It  has  been  introduced  on  the  Neilgberry  range  of  hills  in 
Southern  India,  where  most  of  the  examples  were  transferred  to  the  rivers  on  the 
Koondah  range.  It  has  also  been  artificially  introduced  into  many  countries  in 
the  southern  hemisphere.  In  the  Oi'kneys  it  is  found  in  great  numbers  in  every 
burn,  and  generally  extended  throughout  the  rivers  and  lakes  of  the  British  Isles 
when  unchecked  by  pollutions.  Some  exceptions,  however,  to  this  general  rule 
would  seem  to  occur.  In  Norfolk  it  is  found  in  small  numbers  in  the  higher  parts 
of  the  Bure,  the  Ware,  and  some  of  their  tributaries,  but  not  in  the  Waveney 
(Lubbock). 

As  to  the  size  it  attains,  in  1880  Buckland  made  a  cast  of  one  17  lb.  weight, 
captured  at  Reading,  July  1 1th,  1882,  one  20  lb.  weight  was  secured  in  Lough 
Derg,  an  expansion  of  the  Shannon  (S.  Hurley)  :  while  the  so-called  S.  ferox  has 
been  taken  up  to  50  lb.  weight  or  even  moi'e.  In  the  Thames,  close  to  the  mouth 
of  the  Kennett,  one  was  taken  on  April  24th,  1880,  weighing  within  one  ounce  of 
17  lb. ;  on  May  18th,  1863,  a  15  lb.  one  was  caught  in  Marlow  Weir  pool ;  and  on 
May  21st,  1883,  Mr.  Ross  Faulkner  caught  a  14  lb.  fish  at  Hampton  Court.  If 
this  fish  has  abundance  of  space,  unlimited  food,  and  is  permitted  to  b've  out  its 
existence,  it  would  doubtless  arrive  at  as  great  a  size  as  was  formerly  recorded  from 
Irish  lakes. 


ADDENDA. 

Since  the  foregoing  went  to  press,  through  the  kiudness  of  Mr.  Willis-Bund, 
Lord  Lisbuime  and  Dr.  Rowland,  I  have  been  enabled  to  investigate  in  Cardigan- 
shire some  of  the  apparent  causes  afi'ectiug  the  number  of  caeca,  a  detailed  account 
of  which  will  be  published.  In  the  three  lakes  situated  in  the  hills  and  which 
form  sources  of  the  Teifi  we  found  in  five  from  Llyn  Teifi,  two  males  33,  40, 
three  females  35,  39,  41  :  in  five  from  Llyn  Hir,  three  males  37,  41,  43,  in  two 
females  48,  52  :  in  five  from  Llyn  Egnant,  four  males  33,  43,  44,  48,  one  female 
42.  In  the  upper  portion  of  the  Brefi  where  the  stream  is  narrow,  running  between 
rocks,  and  the  contiguoiis  land  is  uncultivated,  five  trout,  with  very  little  fat  on 
their  cfeca,  one  male  35,  ioviV  females  34,  35,  36,  41.  In  the  last  two  miles  of  tlie 
Brefi,  the  sides  of  which  are  cultivated,  six  fish,  three  males  33,  38,  45,  three 
females  41,  41,  50.  In  the  Teifi,  fourteen  trout,  seven  males  38,  41,  41,  41,  46, 
46,  48,  seven  females  39,  40,  42,  45,  45,  47,  49.  Average  in  Teifi  fish,  43 ;  in 
lower  or  cultivated  portions  of  its  affluent,  the  Brefi,  41  ;  in  its  higher  or 
uncultivated  part,  36;  in  lakes  at  its  commencement,  Llyn  Teifi,  37;  Llyn  Hir,  44; 
Llyn  Egnant,  42  :  or  the  least  number  being  where  the  least  iimount  of  food  existed. 
In  Llyn  Berwyn,  a  lake  at  the  head  waters  of  one  of  the  tributaries  of  the  Towy, 
of  two  fish,  a  male  had  42,  a  female  had  42  :  in  the  narrow  and  rocky  Pysgotwr 
having  uncultivated  sides,  and  which  flows  into  the  Towy,  out  of  nine  fish,  five 
males  had  28,  35,  35,  35,  37,  and  ionr  females  32,  35,  36,  40,  or  a  general  average 
of  35,  again  showing  that  with  paucity  of  food  a  diminished  number  of  ca3ca 
co-existed.  (See  p.  199  arite.)  In  three  of  the  Teifi  trout  I  found  two  had  each 
56  -f-  x  vertebra)  and  one  had  57  -{-  .t. 
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Lochleven  Trout,  Plate  VI  and  VII,  fig.  1  au<l  2. 
(For  synonymy,  sec  p.  190,  anle.) 

It  Las,  from  almost  immoniorial  time,  been  a  subject  of  argument  as  to  wliether 
the  Locblcvcn  trout  should  be  considered  a  sjoecies  distinct  from  the  burn  trout 
{Salmo  fario)  ;  and  also,  supposing  it  to  be  a  distinct  species,  whether  it  might 
not  be  the  descendant  of  a  marine  form  which,  having  ascended  the  river  Leven 
and  obtained  access  into  the  loch  from  the  sea,  has  been  unable  to  return  there. 
Fortunately  for  investigators,  in  the  year  1873  Sir  James  Maitland  turned  his 
attention  at  Howietoun  to  fish-culture,  the  race  of  trout  which  he  selected  for 
stock  was  that  of  Lochleven,  from  which  he  was  only  25  miles  distant  and  at 
about  the  same  elevation. 

The  question  of  whether  the  Lochleven  trout  is  a  local  race  or  a  distinct 
species,  is  one  which  is  of  considerable  practical  importance  to  the  fish-culturists 
of  this  country,  quite  irrespective  of  its  scientific  interests.  If  it  is  a  species 
distinct  from  our  brook  trout,  its  introduction  into  our  streams  and  dissemination 
through  our  fresh  waters,  would  be  a  great  source  of  hybridization  with  our 
indigenous  forms,  and  such  would  tend  towards  sterility  of  the  offspring.  On  the 
other  hand,  if  it  is  merely  a  local  race,  its  crossing  with  the  brook  trout  would  be 
merely  the  inter-breeding  between  two  varieties  of  one  species,  which,  instead  of 
being  a  cause  of  sterility,  becomes  more  commonly  a  means  of  improving  a 
breed. 

In  Sir  Robert  Sibbald's  History  of  Kinross-sMre,  1710,  Ave  read  :— "  Loch  Leven 
abounds  with  fine  fish,  such  as  the  salmonds,*  taken  in  the  summer.  .  .  .  The 
gray  trout  or  bill  trout,  some  of  them  as  big  as  a  salmond  ;  grayish  skinned  and 
red  fished,  a  foot  long,  taken  all  the  year  over.  Cendue  or  Camdue  in  Irish, 
'  blackhead,'  having  a  black  spot  on  the  top  of  its  head,  is  fat,  big  as  a  Dunbar 
herring,  red  fished,  much  esteemed." 

Pennant,  in  1769,  visited  Loch  Leven,  and  observed: — "The  fish  of  this  lake 
are  pike,  small  perch,  fiiae  eels,  and  most  excellent  trouts,  the  best  and  the  reddest 
I  ever  saw;  the  largest  about  six  lb.  in  weight"  (Journ.  4th  ed.  p.  69).  _  In  his 
British  Zoology,  1776,  he  did  not  refer  to  any  distinct  species  existing  in  Loch 
Leven  ;  but  after  remarking  on  the  large  trouts  of  Lough  Neagh  in  Ireland,  locally 
termed  Buddaghs,  he  continued,  "  Trouts  (probably  of  the  same  species)  are  also 
taken  in  Hulse-water,  a  lake  in  Cumberland,  of  a  much  superior  size  to  those  of 
Lough  Neagh.  These  are  supposed  to  be  the  same  with  the  trout  of  the  lake  of 
Geneva,  a  fish  I  have  eaten  more  than  once,  and  think  but  a  very  indiflferent  one  " 
(iv,  p.  299). 

The  Rev.  A.  Smith,  Statistical  Account  of  Kinross,  1793,  remarked  that,  "  In 
Loch  Leven  are  all  the  diiferent  species  of  hill,  burn,  and  muir  trout  that  arc  to 
be  met  with  in  Scotland,  evidently  appearing  from  the  diversity  of  manner  in 
which  they  are  spotted ;  yet  all  three  diff"erent  kinds,  after  being  two  years  in  the 
loch  and  arriving  at  three-quarters  of  a  lb.  or  one  lb.  in  weight,  are  red  in  the  flesh, 
as  all  the  trout  of  every  kind  in  the  loch  are,  except,  perhaps,  those  newly  brought 
down  by  the  floods,  or  such  as  are  sickly.  The  silver-gray  trout,  with  about  four 
or  five  spots  on  the  middle  of  each  side,  is  apparently  the  original  native  of  the 

*  The  term  salmond  was  employed  so  vaguely  by  some  authors  as  applicable  to  both  the  salmon 
and  sea-trout,  that  the  simple  name  being  used  is  hardly  sufficient  evidence  of  the  presence  of 
Salmo  salar.  Thus  Sir  E.  Sibbald,  in  his  Scotia  Illustrata,  1684,  divided  salmon  from  salmoneta, 
and  referred  to  the  latter  as  follows  :— "  Salmoneta,  qui  nostratibus  the  Salmon-trout  "  (p.  25).  He 
also  observed,  "  The  Gray  trout,  or  Bill  trout,  some  of  them  as  large  as  a  salmond  ;"  but,  as  I  shall 
show,  this  gi-ay  stage  is  not  the  livery  of  old  specimens,  and  none  liave  been  recorded  over  ten  lb. 
in  weight,  it  would  seem  he  referred  to  sea-trout;  again,  silvery  trout  in  Scotch  lochs  are  often 
classed  as  sea  trout. 


218  SALMONID^   OF   BRITAIN. 

loch,  and  in  many  respects  the  finest  fish  of  the  whole.  The  fry  of  all  kinds  are 
white  in  the  flesh  till  they  come  to  the  size  of  a  herring,  about  the  beginning  of 
the  third  year.  .  .  .  Those  called  bnll-trout  are  believed  to  be  the  old  ones.  In 
spring,  1791,  a  large  one  was  caught  that  weighed  ten  lb." 

Dr.  Walker,  in  his  posthumous  Essays  on  Natural  History  and  Bural  Economy, 
1812,  observed  of  the  trout  in  Loch  Leven  : — "  The  first  most  frequent  is  called  at 
the  place  Grey  Trout,  and  is  a  fish  not  distinctly  described  by  naturalists ;  it  is 
found  usually  from  one  lb.  to  two  lb.  in  weight,  at  times  considerably  larger.  This 
is  supposed  to  be  Salvto  levenensis,  N.  The  second,  called  by  the  inhabitants  bull- 
trout, Sahno  taurinus,  N.,  supposed  to  be  a  distinct  species  ;  but  there  is  reason  to 
suppose  this  is  the  male  of  the  above.  These  two  are  generally  known  in  Edinburgh 
as  Lochleven  trout.  The  third  is  called  at  Kinross  the  Camday,  is  eight  in.  to 
ten  in.  long,  and  reckoned  a  distinct  species  :  but  is  only  the  gray  trout  at  an  early 
age."  He  likewise  referred  to  three  more  species  as  the  burn  trout  and  the  high- 
land or  muir  trout ;  and  another  form  of  bull  trout,  which  he  does  not  appear  to 
have  seen,  found  in  the  deep  parts  of  the  lake,  attaining  to  seven  lb.  or  eight  lb.  in 
weight,  and  with  yellow  flesh. 

Graham,  General  llevieio  of  the  Agriculture  of  Kinross  and  Clachvannan,  pub- 
lished towards  the  commencement  of  the  present  century,  after  giving  an  account 
of  the  fish  found  in  Lock  Leven,  remarked,  "  Flounders  are  also  found  in  Loch 
Leven,"  which  demonstrated  that  at  this  period  sea-fishes  were  able  to  obtain 
access  up  the  river  Leven  into  the  lake.  As  the  weirs  on  the  Severn  passable 
to  Salmonida3,  shad,  and  eels,  appear  to  be  impassable  to  flounders,  the  ascent  to 
Loch  Leven  in  those  days  could  not  liave  been  very  difficult. 

In  the  year  1874,  Mr.  R.  Burns  Begg,  the  ex-president  of  the  Kinross  Fishing 
Club,  compiled  an  interesting  account  of  this  fish,  and  of  the  locality  which  it 
inhabited.  The  Lochleven  lake,  prior  to  1830,  covered  a  superficial  area  of  4312 
acres ;  it  is  situated  3(30  feet  above  the  sea-level,  and  receives  the  waters  of  the 
Garny  and  the  north  and  south  Ineich  ;  while  the  mean  flow  from  it  throughout 
the  year  amounts  to  4000  cubic  feet  a  minute,  which  goes  into  the  river  Leven, 
and  this  river,  after  a  course  of  fourteen  miles,  falls  into  the  Firth  of  Forth.  In 
December,  1830,  the  loch  was  diminisked  to  tkree-fourths  of  its  original  dimen- 
sions, to  3543  acres,  by  an  extensive  drainage  operation,  which  permanently 
reduced  its  natural  level  to  the  extent  of  four-and-a-half  feet,  and  means  were  like- 
wise devised  by  which,  when  desired,  another  four-and-a-half  feet  can  be  drawn  off.* 
Fleming  made  a  careful  inspection  of  the  lock  during  the  years  1834  and  1835,  in 
order  to  ascertain  what  effect  the  drainage  had  had  upon  its  fisheries,  and  he  con- 
cluded that  they  were  permanently  diminished  one-third  in  their  value  ;  the  sluices 
acting  injuriously  to  young  fish  by  the  strong  current  at  its  outflow ;  that  the 
margin  of  the  lake  had  undergone  a  change  unfavourable  to  its  piscine  inhabitants, 
owing  to  the  peculiar  barrenness  of  the  shore,  rendering  the  new  margin  ill  suited 
for  supplying  them  with  food.  But  in  the  lake  itself  the  water-snails  were  found 
not  to  have  been  destroyed. 

Many  have  supposed  that  the  superior  flavour  of  Loch  Leven  troutf  is  a  con- 
sequence of  the  quality  and  abundance  of  the  food  which  they  could  obtain  there. 

*  Dr.  Giinther  wrote  in  188G  to  the  Secretary  of  the  Glasgow  Trout  Preservation  Association, 
stating  that  tliere  was  a  question,  "  Whether  the  celebrated  Lochleven  trout  of  old  Scotch 
naturalists  is  still  in  existence  in  its  purity.  If  I  recollect  rightly  Lochleven  was,  according  to 
the  reports  of  the  time,  nearly  depopulated  some  twenty  years  ago,  and  replenished  with  stock 
taken  from  other  localities  "  (October,  1886).  The  committee  of  the  above  association  observed, 
"  This  statement  as  to  the  mixing  of  the  breed  was  a  surprise  to  the  committee,  and  on  inquiry  it 
was  discovered  to  have  no  foundation  "  (Pa'port  as  to  Stochinrj  Loch  Arcl  icitlt  Lochleven  Trout, 
1887,  p.  7).  Mr.  David  Marshall,  of  Kinross,  remarked  that  "the  date  of  the  connection  of  the 
late  Mr.  Campbell  Marshall,  my  father,  and  myself  as  tacksmen  of  Loch  Leven,  begins  with  1st 
September,  1839,  and  ends  with  1st  September,  1874,  and  certainly  no  such  piece  of  work  was 
done  during  those  years.  .  .  .  and  if  anything  had  been  done  previously,  we  were  sure  to  have 
known  it "  (I.  c.  pp.  7,  8). 

t  Whether  this  form  is  or  is  not  Sahno  cumhcrhind  of  Laccpede,  in  his  Histoirc  Naturelle  dcs 
Poissons,  vol.  V,  p.  G96,  cannot  now  be  determined  from  the  meagre  description  which  has  been 
handed  down  to  us  ;  but  that  author  described  it  as  having  a  small  head,  white  flesh,  and  being 
externally  of  a  gray  colour.    A  correspondent  of  Loudon's  Magazine  of  Natural  History,  vol.  v, 
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In  tho  New  Statistical  Account  of  Sconand  mention  is  made  of  a  trout  taken 
April  27th,  1841,  that  weiglicd  ten  lb.,  being  twenty-seven  inches  long  and  seven- 
teen inches  in  girth.  Wo  are  likewise  told  of  the  lish  in  this  lake,  that  their 
superiority  in  quality  is  not  confined  solely  to  the  Lochleven  trout  proper,  but  is 
to  be  observed  in  the  common  trout,  and  even  in  the  pike,  perch,  and  eels;  also 
that  the  trout  of  Loch  Leven  do  not  continue  to  exhibit  the  same  distinctive 
superiority  should  they  be  removed  to  other  waters.  In  riCAV  quarters,  however 
favourable  such  may  appear  to  be,  they  are  said  to  invariably  deteriorate  and  lose 
much  of  their  quality. 

Tho  peculiarly  excellent  food  in  the  water  at  Loch  Levcn  has  been  supposed  to 
consist  of  a  small  reddish-coloured  shell-lish,  believed  to  be  restricted  to  the  sliallow 
shingly  beds  lying  near  to  the  shores  (the  form  here  alluded  to  would  seem  to  be 
the  Livinca)  ;  also  the  sessilc-e3^ed  crustacean  "screw,"  or  "  water-shrimp,"  Gam- 
marus;  and  ]\Ir.  Wilson  concluded  that  it  was  owing  to  the  abundant  and  perpetual 
breeding  of  these  and  other  living  creatures  that  the  trout  in  question  owed  their 
superiority.  But  a  fisherman  who  had  the  management  of  the  curing  of  the  trout, 
and  had  observed  the  food  taken  from  their  stomachs,  remarked  that  he  had  never 
observed  any  small  shells,  but  mostly  worms,  minnows,  perch,  and  young  trout ; 
while  evidence  was  adduced  by  fish-dealers  and  others  who  had  been  regularly 
supplied  with  trout,  both  before  and  since  the  drainage,  and  who  distinctly  stated 
that  they  could  observe  no  deterioration  whatever  in  the  fish.  Parnell,  however, 
held  a  different  view,  while  there  cannot  be  a  doubt  but  that  the  stock  of  fish  was 
largely  diminished  from  some  cause.  I  will  now^  pass  on  to  a  description  of  these 
trout  as  well  as  the  inquiry  into  the  reasons  why  the  Lochleven  trout  has  been 
regarded  as  a  distinct  species,  and  whether  any  persistent  differences  from  other 
trout  can  be  shown  in  its  external  form,  its  internal  organization,  its  tints,  or  the 
colour  or  taste  of  its  flesli  ? 

B.  x-xii,  D.  12-13  te%),  P.  12-14,  V.  9,  A.  10-12  (|:|),  C.  19,  L.  1.  120-130, 
L.  tr.  -1^:11,  Ckc.  pyl.  47-90,  Vert.  56-59. 

Body  rather  elongate,*  with  the  abdominal  profile  a  little  more  curved  than 
that  of  the  back.  Length  of  head  about  4^  to  5|-,  rather  longer  in  the  males  : 
of  caudal  fin  8  :  height  of  body  4i  to  5  in  the  total  length. 

As  to  external  form,  it  has  been  said  to  be  less  stout,  and  its  head  shorter  than 

1832,  p.  317,  observed  upon  a  form  of  trout  which  was  found  in  Ulswater  and  Windermere,  termed 
by  the  residents  a  "gray  trout,"  and  having  the  habits  of  a  char,  and  which  he  asserted  was 
captured  up  to  twenty  lb.  weight:  he  likened  it  to  Lacepede's  fish. 

*  Parnell  in  the  Trausactiom  of  the  Eoyal  Society  of  Edinhiirfih,  1837,  p.  154,  appears 
to  have  been  the  first  who  scientifically  investigated  this  form  of  trout,  and  he  remarked  as 
Jardine  had  previously  done  respecting  the  "  par,"  and  as  Glinther  subsequently  did  of  the 
"hirling,"  that  "I  consider  it,  however,  not  only  as  distinct  from  S.fario,  but  as  one  of  the  best 
defined  and  most  constant  in  its  characters  of  all  the  species  hitherto  described." 

From  his  remarks,  we  learn  that  he  thought  "  the  differences  that  exist  between  S.  c(ccifcr{&s 
he  termed  this  form)  and  S.fario  are  very  striking.  The  pectorals  of  S.  ccccifer,  when  expanded, 
are  pointed  ;  in  S.  fario  they  are  rounded.  The  caudal  fin  in  S.  ccccifer  is  lunated  at  the  end ;  in 
S.  fario  it  is  sinuous  or  even.  ,S'.  ccccifer  has  never  any  red  spots ;  S.  fario  is  scarcely  ever 
without  them.  The  caudal  rays  are  much  longer  in  .S'.  ccccifer  than  in  S.fario,  in  fish  of  equal 
length.  In  .S'.  ccccifer  the  tail-fin  is  pointed  at  the  upper  and  lower  extremities  ;  in  S.fario  they 
are  rounded.  The  flesh  of  ,S'.  ccccifer  is  of  a  deep  red,  that  of  S.  fario  is  pinkish  or  often  white. 
The  ca:!cal  appendages  in  S.  ccccifer  are  from  GO  to  80  in  number ;  in  S.  fario  I  have  never  found 
them  to  exceed  46."  He  also  observed  that  this  fish  does  not  appear  to  be  peculiar  to  Lochleven, 
as  he  had  seen  specimens  that  had  been  taken  in  some  of  the  lakes  of  the  county  of  Sutherland. 

Sir  John  Richardson,  in  the  Fauna  Boreali-Americaiia,  I.  c,  remarked  that  in  "  external 
form,  the  in-oportional  size  of  various  parts  of  the  head  and  gill-covers,  the  size  of  the  scales  and 

the  dentition,  agrees  with  S.  lemamis Three  individuals  of  the  Lochleven  trout  that 

•were  dissected  had  each  73  pyloric  cteca,  and  in  one  of  them  59  vertebras  were  counted."  Yarrell 
added  nothing  to  the  previous  descriptions.  Knox,  Lone  Glens  of  Scotland,  1854,  observed  of  this 
trout  of  Lochleven,  that  it  "is  a  beautiful  silvery  dark-sijotted  trout,  imagined  by  some  to  be 
peculiar  to  the  lake.  This,  however,  is  not  likely,  since  trout  quite  resembling  those  of  Leven  are 
found  in  many  northern  lakes  "  (p.  36).  He  concluded,  after  citing  some  of  the  opinions  of  others, 
that  he  was  "  disposed  to  think  that  two  species  of  trout  inhabit  Loch  Leven,  independent  of  the 
common  river  trout ;  namely,  the  trout  which  lives  on  entomostraca,  and  comes  into  season  in 
December,  January,  and  February  ;  and  the  trout,  which,  feeding  on  the  bucciuum,  and  on  flies, 
worms,  and  all  the  common  food  of  the  common  river  trout,  comes  into  season  later  in  the 
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in  the  brook  trout.  Althougli  certainly  this  is  sometimes  the  case,  such  characters 
are  not  persistent. 

In  measuring  a  number  of  Howietoun  examples,  I  find  that  in  specimens  from 
3  to  4  inches  in  "length,  the  head  is  from  4|  to  5  in  that  of  the  entire  length.  In 
males,  from  7  to  lO'inches  in  length,  it  is  from  4i  to  4|,  and  in  examples  from  14 
to  15  inches,  it  is  from  4  to  4|  in  the  same  length.  In  females  from  8  to  10  inches, 
the  head  is  4r^  to  5  in  the  entire  length,  from  13  to  14  inches,  about  5|  in  the 
same  distance,  and  at  20  inches  one-fifth. 

In  form  of  the  body  there  is  no  difference  perceptible  in  those  fishes  reared  in 
Gloucestershii-e  or  at  Guildford,  from  eggs  obtained  from  Howietoun,  and  young 
of  brook  trout  raised  from  local  brook  trout  eggs.  It  is  thus  seen  that  this 
ultimately  depends  upon  local  circumstances  or  conditions;  for  if  they  are  removed 
to  another  locality  where  these  conditions  are  different,  they  assume  the  local 
brook  trout  form.  The  same  observation  applies  to  the  length  of  the  head,  which 
in  some  well-fed  examples,  and,  in  fact,  generally  so  in  the  young  raised  at  Howie- 
toun, is  a  little  shorter  in  proportion  to  the  length  of  the  body  than  is  usually 
seen  in  the  brook  trout,  but  this  likewise  alters  on  their  being  transferred  to  a 
new  home. 


Eyes. — Diameter  in  an 
example  about  f  lb.  weight, 
5i  in  the  length  of  the 
head,  1^  diameters  from 
the  end  of  the  snout,  and 
the  same  distance  apart : 
it  is  of  greater  comparative 
size  in  small  specimens, 
but  smaller  in  larger  ones. 
Interorbital  space  convex. 
The  lower  limb  of  the 
preopercle  is  rather  short, 
as  Avill  be  seen  in  the 
examples  shown  in  figure 
48,  and  on  comparing 
them  with  examples  from 
Loch  Assynt,  in  Suther- 
landshire,  the  differences 
were  very    slight,  but   in 


Fig.  48.  Preopercle  of  Loch- 
leven  trout.  1,  female,  10  9  in. 
long  :  2,  male,  14  in.  long :  3, 
female,  19-2  in.  long:  4, female, 
20  in.  long :  5,fenuile,  23  in.  long. 


some  specimens  from  the 
south  of  England,  the  lower 
limb  of  this  bone  was 
longer.  Maxilla  rather 
feeble,  it  reaches  to  slightly 
behind  the  hind  edge  of 
the  eye  :  lower  jaw  with  a 
hook  or  knob  at  the  upper 
end  of  its  extremity.  It 
has  been  said  that  the 
maxillffi  of  the  Lochleven 
trout  are  weaker  than 
seen  in  the  brook  trout, 
and  this  is  correct  to  a 
great  extent  if  we  com- 
pare foi*ms  from  the  South 
with  undoubted  Loch- 
levens.  But  if  the  com- 
parison is  made  with  loch 


spring"  (p.  37).  In  the  Journal  of  the  Linnean  Society  (Dec.  19th,  1854),  Dr.  Knox  remarked, 
that  at  first  he  thought  this  a  specific  form,  "although  anatomical  investigations  had  not  hitherto 
confirmed  it." 

Dr.  Giinther,  I.  c,  gave  a  fuller  description  than  the  previous  authors  whom  I  have  quoted. 
He  observed  of  this  fish  that  it  has  the  "  body  much  less  stout  than  in  ,S'.  fario.  ...  In  the  male 
sex  a  mandibular  hook  has  never  been  observed.  Maxillary  much  longer  than  the  snout,  but 
much  narrower  and  more  feeble  than  in  ,S'.  fario  {see  figures,  p.  6) ;  in  specimens  13  inches  long, 
it  extends  to  below  the  hinder  margin  of  the  orbit,  and  at  no  age  does  it  reach  beyond  it.  ■  •  •  • 
The  teeth  on  the  body  of  the  vomer  form  a  single  series  and  are  persistent  throughout  life.  Fins 
well  developed,  not  rounded."  He  found  from  49  to  90  csecal  appendages,  while  at  p.  6  are 
figured  two  maxillary  bones,  stated  to  be  from  S.  fario  and  .S'.  lerenensis ;  but  not  being  completed 
at  their  proximal  extremities  renders  it  almost  impossible  to  understand  for  what  they  arc 
intended  to  represent.  The  supplementary  bone  would  seem  to  be  where  the  most  difference 
exists. 

In  giving  a  decision  on  the  well-known  "Orange-fin"  ease,  in  1872,  the  Sheriff  Substitute 
found  "  in  reference  to  the  outward  silvery  appearance  of  the  fish  in  question,  both  Dr.  Giinther 
and  Professor  Young  state  that  the  silvery  coat  with  which  these  fishes  are  clothed  is  to  be  regarded 
as  a  distinctive  mark  of  their  being  migratory  fish  of  the  salmon  kind.  The  assumption  of  the 
silvery  coat  ....  in  the  case  of  river  fish,  is  to  be  held  an  almost  infallible  test  of  a  migratory 
and  sea-going  habit.  Nor  is  this  inconsistent  with  the  well-known  fact,  that  in  the  case  of  certain 
fish  which  inhabit  lochs  having  now  no  communication  with  the  sea,  a  similar  silvery  appearance 
is  to  be  seen.  In  the  case  of  the  Lochleven  trout,  which  affords  the  most  notable  example  of 
the  phenomenon  referred  to,  it  must,  however,  be  kept  in  view,  as  having  an  important  bearing 
on  the  character  of  this  fish,  that  the  loch  which  it  inhabits  had,  most  probably,  at  one  time  a 
communication  with  the  sea,  and  that  the  fish  themselves  possess  in  a  most  remarkable  degree 
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Fig.  49.     Maxilla  of  female  trout.     1,  specimen  from  Otago,  19-2  in, 
long.     2,  specimen  of  Lochleven  trout  from  Howietoun,  20  in.  long. 

trout,  as,  for  instance,  tlioso  in  Sutlicrlaiidsliire,  tliis  diiforcnce  is  not  so  striking. 
It  will  similarly  bo  seen  to  be  the  case  on  comparino-  the  jaw  of  a  largo  female 
brook  trout  with  that  of  a  Lochleven.  But  it  is  evident  that  in  Lochlevens 
reared  at  Howietoun,  the  males  have  not  such  strong  jaws  or  teeth  as  those  living 
in  a  wild  condition,  which  is  probably  owing  to  their  having  from  their  earliest 
existence  had  food  provided  for  them.  Also  as  regards  trout,  very  probably  age 
should  also  be  taken  into  consideration  as  well  as  size,  for  a  large  four-year-old 
Howietoun  male  would  probably  be  less  strongly  ai^med  than  a  similarly  sized  fish 
which  had  been  reared  in  a  loch  or  stream,  and  which  had  most  likely  taken  a 
greater  number  of  years  to  attain  to  the  same  size.  Likewise,  when  examinino- 
this  subject,  care  must  be  taken  that  the  accessory  bone  of  the  maxilla  does  not 
by  its  position  make  it  appear  in  a  figure  that  the  jaw  was  exceedingly  strong,  for 
this  in  reality  has  but  little  to  do  with  strength,  in  fact  it  has  been  considered 
as  probably  homologous  to  an  ossified  labial  cartilage.  As  to  the  male  havino- 
no  knob  on  the  lower  jaw,  that  likewise  is  a  most  erroneous  assertion  ;  in  the  one 
figured  in  Plate  VI,  fig.  1,  and  which  fish  measui'ed  14"6  inches  in  length,  and  was 
44  months  of  age  when  caught  in  October,  1886,  the  knob  was  very  well  developed. 
This  knob  is  constantly  seen  in  all  old  males  of  this  form ;  while  even  in  some  old 
females  at  Howietoun  a  small  one  has  occasionally  been  observed. 

As  to  the  maxillary  bone  being  "  much  narrower  and  more  feeble  than  in 
8.  fario,  in  sjjecimens  13  inches  long  it  extends  to  below  the  hinder  margin  of  the 
orbit,  and  at  no  age  does  it  reach  be^'ond  it  "*  (GiiiUJter).  This  statement  as  to 
where  the  maxillary  bone  extends  posteriorly,  and  first  made  by  Dr.  Giinther  is 
not  borne  out  by  an  inspection  of  Howietoun  fish  or  those  from  Lochleven,  in 
which  in  large  specimens  it  extends  from  one  to  two  diameters  of  the  orbit 
posterior  to  the  eye,  and  this  is  of  normal  occurrence.  In  a  Howietoun  example 
26  inches  long,  it  reaches  to  li  diameters  of  the  orbit  behind  the  eye  ;  while  a  total 
length  of  27  inches  is  that  of  the  longest  fish  which  has  been  captured  in  that 
establishment.  For  as  they  become  more  or  less  sterile  at  from  8  to  10  years  of 
age,  a  time  to  which  breeding  males  rarely  attain,  they  are  no  longer  profitable, 
and  therefore  older  fishes  ai'e  not  kept. 

The  male  figured  (Plate  VI,  fig.  I)  was  14-G  inches  long,  and  captured  at 
Howietoun,  September,  1886;  it  was  3^  years  old,  length  of  head  4^t  in  that  of 
the  entire  length  of  the  fish.  Maxilla  rather  narrow  and  extending  to  behind  the 
hind  edge  of  the  orbit,  consequently  in  this  specimen  it  must  have  grown  rapidly, 
raising  the  question  of  whether  it  would  not  have  become  thicker  with  age. 

the  features  of  a  salmon  and  the  sea  trout.  .  .  .  The  fact  of  one  of  these  trout  having,  in  the 
course  of  the  present  trial,  been  regarded  by  Professor  Young  as  a  sea  trout,  after  examination,  is 
a  very  strong  testimony  to  the  difference  between  the  characteristic  features  of  the  Lochleven 
trout  and  those  of  all  the  non-migratory  river-fish  "  (pp.  KJG,  107). 

*  The  teeth  in  the  maxilla  of  ,S'.  leveiiensig,  in  Dr.  Giintiier's  figure,  are  shown  as  directed 
forwards  and  upwards,  the  base  of  each  tooth  appears  as  if  resting  on  the  skin  with  its  point 
turned  towards  the  maxillary  bone  !     (See  page  14G  aiitc.) 

f  In  a  female  from  Lochleven  14-4  inches  in  length  captured  about  the  same  time,  the  head 
was  oj  in  that  of  the  entire  length  of  the  lish. 
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Teeth. — Of  moderate  strength,  and  wliicli  it  has  been  asserted  exist  in  this 
form  on  the  vomer  in  a  single  series,  and  persistent  throughout  life,  but  in  a 
double  row  in  burn  trout  of  the  same  size,  but  we  have  first  to  consider  whether 
the  facts  as  stated  are  correct.  All  trout  and  salmon  (not  chars)  when  young, 
irrespective  of  the  teeth  on  the  head  of  the  vomer,  have  (as  has  been  already 
remarked)  a  double  row  along  its  body,  but  these  in  all,  dependent  on  age  or 
rapidity  of  groAvth,  fall  out,  commencing  behind  and  extending  forwards.  In 
salmon  and  sea  trout,  which  are  forms  which  grow  most  rapidly,  these  teeth  are 
shed  the  earliest,  while  the  Lochleven  trout,  which  is  likewise  a  rapid  grower, 
loses  them  rather  sooner  than  the  burn  or  loch  form,  while  to  say  that  in  the 
mature  they  are  invariaUy  in  a  single  row  is  erroneous.  At  the  same  time  it  is 
not  here  advanced  that  rapidity  of  growth  is  the  sole  cause  of  this,  but  the 
deciduousness  of  the  teeth  appears  to  be  owing  to  the  absorption  or  narrowing  of 
the  tooth-bearing  ridge  on  the  vomer,  in  consequence  of  which,  fix'st  from  being  in 
pairs,  they  become  in  a  single  row  and  finally  fall  out.     {See  fig.  45,  page_197  ante.) 

In  the  following  seven  specimens  of  Lochleven  trout  the  condition  of  the 
vomerine  dental  system  was  as  follows  : — In  a  female  20  inches  long,  2  teeth 
exist  on  the  hind  edge  of  the  head  of  the  vomer,  and  3  along  the  front  half  of  its 
body,  the  two  first  of  which  are  almost  opposite  one  another.  (2)  In  a  male 
9  inches  long,  2  teeth  at  hind  edge  of  vomer,  2  at  the  front  end  of  the  body,  and  7 
in  an  irregular  zigzag  line,  almost  in  one  continuous  row,  while  their  points  turn 


Fig.  50.  Outlines,  life  size,  of  tail  fius  of  Lochleven  trout  reared  in  ponds  at 
Howietoun.  1,  at  2  months  old :  2  and  3,  at  13  months  :  4,  male,  10  mouths  :  5,  6,  7, 
males,  at  30  months.  From  specimens  in  the  British  Museum  collection  :  8,  female, 
12  in.  long:  9,  female,  13  in.  long:  10,  female,  13-8  in.  long:  11,  female,  15-4  in.  long: 
12,  male,  17  in.  long.  From  Howietoun  fish  :  13,  female,  7  years  old,  227  in-  long:  14, 
male,  7  years  old,  22  in.  long. 
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nlternatoly  to  the  rioflit  and  left.  (3)  In  a,  female  lO'O  inches  lonji;',  2  at  liind  cdfo 
of  head  of  bone,  2  in  a  hne  at  the  commcneement  of  tlio  body,  and  8  as  in  the 
last  specimen,  Imt  more  distinctly  in  pairs.  (4)  In  n  female  13-5  inches  lonj^,  2 
at  hiiul  edge  of  head  of  vomer,  then  4  in  a  single  row,  next  a  pair  turning  one  to 
either  side,  and  lastly,  4  more  single  ones.  (5)  In  a  male  14  inches  long,  2  teeth 
at  hind  edge  of  body  of  vomer,  i)  in  a  single  row  along  the  body  of  that  bono ;  of 
these  the  two  centre  ones  form  a  pair.  (G)  In  nfvmalo  19'2  inches  long,  4  teeth 
at  hind  edge  of  body  of  the  vomer,  12  along  the  body,  among  which  are  three 
pairs.  (7)  In  a,  female  23  inches  long,  3  at  hind  edge  of  body  of  vomer,  8  along 
its  body  in  a  single  row,  some  turning  one  way  and  some  another.  The  fore- 
going would  seem  to  prove  that  it  is  by  no  means  an  invariable  rule  that  all  the 
teeth  along  the  bod}^  of  the  vomer  are  in  a  single  row,  in  fact  they  are  similar  to 
what  is  soon  in  trout  in  many  Scotch  and  Welsh  lochs. 

Fins. — These  vary  in  the  Lochleveu  as  well  as  in  other  forms  of  trout,  which 
is  due  to  the  same  causes.  The  pectoral  may  be  more  pointed  in  the  youno-  than  is 
generally  seen  in  the  brook  trout,  but  similar  to  the  white  sea  trout,  and  reaches 
to  about  half-way  to  the  base  of  the  ventral,  which  latter  fin  is  inserted  under  the 
middle  or  hind  third  of  the  first  dorsal,  and  extends  above  half-way  to  the  orio-in 
of  the  anal.  The  caudal  fin  has  been  stated  to  be  much  longer*  than  seen  in  the 
burn  trout  and  its  posterior  end  to  be  truncated  and  pointed  at  both  its  upper  and 
lower  angles.  But  it  will  be  seen  on  referring  to  fig.  50  that  such  characters  have 
been  given  because  the  observers  have  examined  young  examples,  the  fin  bocomino- 
convex  posteriori}^  with  age  (see  no.  14  at  22  inches  in  length) . 

The  statement  that  the  pectoral  fin  is  pointed  is  partially  coiTCct  in  small 
specimens,  as  it  also  is  in  small  brook-trout,  but  in  old  and  well-preserved 
examples  it  is  similar  to  wkat  is  found  in  other  races  of  fresh- water  trout,  as  may 
be  seen  in  figure  42,  p.  187. 

Scales. — There  are  13  to  15  rows  in  an  oblique  line  running  from  behind  the 
base  of  the  adipose  dorsal  fin  downwards  and  forwards  to  the  lateral-line.  Gcecal 
appendages :  Richardson  found  73,  Parnell  80,  Gilnther  49  to  90,  due  either  to 
several  becoming  confluent  into  one  stem,  or  one  subdividing  into  several,  but 
anyhow  demonstrating  inconstancy  in  numbers.  The  number  of  these  appendages 
are  exceedingly  varied,  and  from  the  time  Parnell  first  ascertained  that  these  tront 
often  possess  a  larger  number  than  are  usual  in  brook  trout,  until  the  present  day 
this  has  been  held  conclusive  evidence  as  to  their  specific  diffex^ence  from  other 
races.  Many  who  would  admit  that  variations  in  external  colour  or  that  of  the 
flesh,  or  even  alterations  in  form,  may  be  dependent  on  local  surroundings,  will 
be  slow  to  believe  that  structural  differences  are  not  of  much  greater  value. 
Here  we  must  first  inquire  whether  the  number  of  these  pyloric  cajca  are  constant 
in  the  Lochleven  race  of  trout,  whether  they  ever  vary  in  the  brook  trout,  and, 
lastly,  if  any  facts  can  be  produced  proving  them  to  be  inconstant  ? 

Having  thus  shown  that  these  appendages  in  the  Lochleven  trout  have  been 
recorded  as  between  49  and  90,t  while  in  other  non-migratory  fresh-water  forms 
they   have  been   found   to  be   between  27  and   69  {see   p.  188   ante),  I  jDroposo 

*  As  to  the  rays  of  the  caudal  fm  being  longer  than  is  seen  in  the  brook  trout,  I  have 
been  unable  to  find  that  such  is  the  case,  either  in  Howietoun  S2iecimens,  those  from  Lochleven, 
or  those  in  the  British  Museum,  as  they  seem  to  be  absolutely  identical  in  the  two  forms.  In 
the  skeleton  of  a  female  20  inches  long,  I  find  the  middle  caudal  ray  is  2-1  inches  in  length,  and 
the  longest  outer  ray  2-9  inches  ;  but  were  Dr.  Giinther's  figures  to  be  applicable  to  these  fishes, 
the  outer  ray  should  be  4-1  inches  in  length  ;  but  such  proportions  I  have  never  seen  in  the 
thousands  of  these  fish  I  have  observed  at  Howietoun  or  elsewhere,  not  omitting  those  in  the 
British  Museum.  Specimens  having  the  angles  of  this  fin  i^ointed  would  appear  to  be  young  fish, 
often  males,  kept,  as  at  Howietoun,  where  they  are  not  disturbed ;  but  in  the  old  fishes  this  fin  is 
invariably  rounded  at  its  posterior  extremity.  The  statements  in  the  British  Museum  catalogue 
alluded  to  are  that — "  In  specimens  13  inches  long,  the  middle  caudal  rays  are  not  quite  half  as 
long  as  the  outer  ones,  and  in  older  ones  they  are  half  as  long"  {Gilnther.)  Also  that  in  a 
specimen  13^  inches  long,  the  middle  caudal  ray  was  1  inch  in  length  and  the  outer  or  longest 
one  15  ! 

t  Among  the  local  Lochleven  forms  {see  p.  188  ante)  Parnell  found  GO  to  80  casca.  Sir  J. 
Richardson  73,  and  Glinther  from  49  to  90  ;  but  although  the  last  author  in  his  description  of  the 
species  says,  "  Ciecal  pylori  normally  GO  to  SO,"  he  instances  seven  females  in  the  British  Museum 
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enumerating  some  which  I  have  counted  in  examples  of  this  fish.  Among  males 
I  have  found  them  as  follows  :— In  specimens  varying  from  7  to  20|  inches  in 
length :  At  Howietoun,  among  fertile  fish  8  examples  averaged  about  67  crecal 
appendages,  being  one  of  each  of  these  numbei-s — 82,  75,  74,  73,  65,  62,  62,  48.  At 
Cowley,  in  Gloucestershire,  one  fertile  male  had  62,  one  which  was  sterile  52. 
Among  females  the  number  among  fertile  fish  varying  in  length  from  12  to  3-2 
inches  :  '7  examples  averaged  about  58  of  the  appendages,  being  one  of  each  of 
the  following  numbers— 66,  64,  62,  59,  57,  55,  45,  while  one  large  female  from 
Loch  Leven  had  47,  another  57.  As  a  rule  the  size  of  these  ca3ca  in  females 
appear  to  be  larger  than  is  seen  in  the  males,  while  in  one  of  the  latter  a  single 
one  of  these  tubes  was  abnormally  shortened  near  the  pylorus. 

The  foregoing  figui-es  show  a  variation  of  these  appendages  at  Howietoun 
from  45  to  82  in  inale  fish,  and  from  45  to  66  among  female  fish ;  while  in  one 
fertile  male  which  was  examined  in  Gloucestershire,  there  were  62,  and  in 
another,  not  so  well  fed,  from  the  same  locality,  and  sterile,  there  were  52.  In 
only  one  do  we  see  the  numbers  approaching  to  90  (82)  as  given  by  Dr.  Giinther, 
and  with  that  exception  75  were  the  greatest  amount  counted,  and  from  that 
down  to  45,  clearly  showing  that  this  is  an  unstable  character,  prone  to  change, 
and  consequently  unsuitable  for  characteristics  wherewith  to  discriminate  species. 
Also,  that,  away  from  Loch  Leven,  these  appendages  have  diminished  in  number, 
and  'still  more  so  in  those  from  the  ova  hatched  at  Guildford  and  reared  in 
Gloucestershire,  where  likewise  the  smallest  fish  were  sterile,  and  had  the  fewest  of 
these  appendages.  As  to  the  difference  in  the  diameter  of  these  casca  such  was 
not  usually  apparent,  except  so  far  as  I  have  mentioned  above. 

Having  thus  seen  that  in  its  external  form  either  the  differences  which  have 
been  stated  to  exist  between  this  fish  and  the  brook  trout  are  eri-oneous,  or  else 
thev  are  liable  to  alteration  when  the  fish  is  removed  to  another  locality,  I  think 
all  must  admit  that  such  unstable  differences  are  insufficient  for  the  purpose  of 
constituting  species. 

As  to  external  colour  we  find  Parnell  asserting  as  among  its  specific  characters, 
"  body  without  red  spots  ;"  and  that  these  fish  are  generally  seen  without  these 
up  to  a  certain  age  is  of  very  common  occurrence.  The  alevins  and  young  par 
raised  at  Howietoun  are  very  similar  to  the  young  of  the  burn  trout,  but  are 
normally  wanting  in  any  orange  to  the  adipose  dorsal  fin,  it  is  rare  for  the 
dorsal,  ventral,  or  anal  to  be  margined  with  a  white,  black-based  edge,  and  the 
par  bands  are  mostly  more  numerous,  sometimes  being  from  16  to  17.  As  the 
fish  become  older  three  main  types  of  colour  are  observable,  a  slaty  or  greenish 
gray,  becoming  lighter  beneath,  and  the  upper  two-thirds  of  the  body  and  dorsal 
fin  spotted  with  black,  and  the  fins  generally  grayish  black.  This  form  of  colour 
is  prevalent  up  to  the  end  of  the  fourth  season,  and  may  almost  be  looked  upon 
as  equivalent  to  the  silvery  stage  of  the  salmon  smolt,  or  grilse,*  but  I  have  never 

collection  as  follows  :— "  Females,  from  12  to  18  inches  long.  Purchased,  said  to  be  from  Loch 
Leven.  Caught  in  April.  Ca;cal  pylori  65,  63,  60,  54,  54,  53,  49;  vertebras  58-59.  These 
specimens  have  the  pyloric  appendages  fewer  in  number  than  is  generally  stated  ;  yet  these  creca 
are  so  wide — so  much  wider  than  in  ,S'.  fario,  that  the  reduction  of  their  number  has  evidently 
been  caused  by  a  confluence  of  several  csca  with  one  "  (Catal.  vi,  p.  101). 

From  the  foregoing  it  is  evident  that  the  number  of  these  appendages  is  very  variable,  for  in 
this  race  they  have  been  recorded  as  being  from  45  to  90.  If,  however,  we  turn  to  the  writing  of 
most  authors  that  have  counted  those  existing  in  the.S'.,/(U-/o,  we  find  them  enumerated  as  follows  : 

"  I  have   never  found  them  to  exceed  46  "  (Parnell,  p.  308).     Thompson  in  1836  examined 

the  so-called  S.  fero.v,  and  found  in  four  examples  49,  45,  39,  and  36  {Nat.  History  of  Iirlaml, 
iv,  p.  157).  Giinther  among  his  other  five  non-migratory  fresh-water  forms  enumerated  them  as 
varying  from  33  to  49.  While  Sim  as  already  observed  found  them  in  52  examples  of  Aberdeen- 
shire alad  Kincardineshire  specimens  of  burn  trout  to  vary  between  30  and  69.     (See  also  p.  216.) 

*  On  September  8th,  1885,  captured  with  a  fiy  from  one  of  the  Howietoun  ponds,  a  two-year-old 
male  Lochleven  trout,  the  young  of  the  1875  fish,  or  one  generation  removed  from  those  of  Loch- 
leven.  Length  7-4  in.,  of  head  16  in.,  diameter  of  eye  03  in.,  its  distance  from  the  end  of  the 
snout  0.4  in.,  and  0-5  in.  apart.  Cajcal  appendages  73.  C'o/o?/?-s— silvery  with  black  spots  which 
are  largest  on  the  head  and  opercles  where  they  are  encircled  by  a  light  ring.  Dorsal  fin  very 
spotted,  and  with  a  dark  upper  fore-edge  with  traces  of  white ;  front  margin  of  anal  the  same. 
Other  fins  grayish.     Maxilla  reaches  to  beneath  the  hind  third  of  the  eye. 
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seen  one  over  four  years  of  ago  continninpf  tin's  livery.  The  second  is  that  of  an 
older  form,  and  a  general  |n;rplisli  golden,  densely  covered  with  blaek  spots, 
among  which  some  red  ones  are  usually  to  bo  seen,  while  in  many  old  females  a 
dark  line  shows  itself  aloug  the  middle  of  the  belly,  which,  as  well  as  the  under 
surface  of  the  head,  is  more  or  less  ])lack  in  males  at  the  breeding  season.  In  ono 
female  18  inches  long,  on  November  24th,  1880,  three  bright  orange  spots  were 
present  on  the  adipose  dorsal,  which  fin  as  a  rule  is  of  a  lead  colour,  with  two  or 
three  black  spots.  Males  appear  generally  to  have  the  pectoral,  ventral,  anal, 
and  end  of  caudal  fin  dai'ker  than  the  females.*  The  third  form,  which  will  have 
to  bo  again  referi'ed  to,  consists  of  small  undersized  fish,  which,  owing  to  sickness 
or  some  other  cause,  have  the  colours  of  the  brook  trout,  with  orange-tipped 
adipose  dorsal  fins.  The  most  distinct  white  edging  to  the  fins,  when  it  exists, 
appears  to  be  seen  in  males,  but  the  amount  of  spots  in  all  is  very  various. 

Here  the  question  again  arises  (see  p.  8-3  ante)  whether  any  alteivation  in 
the  colour  occurs,  if  these  fish  are  transferred  to  new  localitiesf  dissimilar  in 
some  respects  to  where  their  parents  reside  ?  Ten  thousand  yearlings  from 
Howietoun  were  turned  into  Loch  Goldenhoof,  about  two  miles  away,  and  fed  by 
the  same  stream,  which  passes  through  the  fish  farm  ;  this  loch  is  nine  acres  in 
extent,  and  averages  six  feet  in  depth.  In  July,  1886,  I  examined  some  of  these 
introduced  fishes,  and  found  them  of  a  purplish  colour  shot  with  gold,  and 
covered  with  black  ocellated  spots,  but  rarely  red  ones.  Dorsal  fin  spotted  with, 
black,  but  without  any  white  edging,  its  outer  surface  grayish ;  a  little  orange 
upon  the  adipose  dorsal  fin.  The  colours,  in  fact,  of  these  fish  were  not  what  is 
seen  in  the  Howietoun  ponds,  but  nearly  approaching  those  in  the  Loch  where 
they  had  been  placed,  a  few  had  some  red  spots.  As  the  water  in  the  two 
localities  was  the  same,  food,  possibly  deficiency  of  it,  would  seem  to  have  been 
the  principle  reason  of  this  change  in  colour. 

The  last  experiment  shows  that  some  alteration  in  colour  may  follow  new 
environments  ;  J  but  a  still  more  conclusive  result  as  to  the  change  in  colour 
which  may  take  place  in  these  fishes  under  like  circumstances  occurred  in 
Gloiicestershire.  The  proprietor  of  Cowley  had  two  ponds  in  a  wood  on  his 
estate,  each  about  an  acre  in  extent,  situated  one  above  the  other,  and  from  the 
lower  of  which  emerges  a  small  stream ;  these  he  wished  to  have  stocked  with 
sporting  fish,  The  two  ponds  are  supplied  by  underground  springs,  while  there 
is  a  fall  of  about  IG  feet  from  the  outlet  of  the  upper  pond,  and  a  rather  greater 
one  from  that  of  the  lower  where  the  stream  commences.  It  will  be  apparent  that 
no  fish  could  obtain  access  from  above,  there  being  no  water  there,  neither  could 
they  ascend  the  IG-feet  perpendicular  fall  from  the  stream  to  the  lower  pond.  It 
was  determined  to  try  the  Lochleven  trout;  so  these  ponds  were  drained, 
mudded,  and  then  puddled  with  clay. 

During  December,  1884,  and  January,  1885,  one  thousand  yearling  Lochleven 

*  The  upper  anterior  angle  of  the  dorsal  fin  rarely  has  a  light  black-based  edging  in  these 
fishes,  and  Parnell  in  figuring  it  and  the  burn  trout  correctly  gives  it  to  the  second  but  not  to 
the  first.     However,  it  is  seen  like  this  elsewhere. 

t  In  the  jear  18G8,  the  late  Mr.  Mclvor,  of  the  Government  Gardens  at  Ootacamund  in  the 
Madras  Presidency,  succeeded  in  introducing  some  Lochleven  trout  and  other  European  fish  to 
that  elevated  region,  where  they  are,  or  were,  doing  well  {sec  Journal  of  the  Linnean  Society, 
Zoology,  vol.  xii,  p.  562).  In  January.  1876,  Mr.  Thomas,  f.l.s.,  of  the  Madras  Civil  Service, 
sent  me  a  specimen  from  the  Hills  which  was  6^  in.  long,  and  on  its  body  were  red  spots.  In 
this  instance  it  was  clear  that  if  a  young  Lochleven  trout  could  assume  red  spots  when  removed 
to  Asia,  there  was  no  reason  why  any  similar  movement  in  Europe  might  not  occasion  the  same 
results. 

I  The  assumption  of  the  general  colours  of  the  trout  in  any  given  locality  by  introduced 
breeds  is  of  very  common  occurrence,  at  least  after  the  third  year.  Now  this  is  the  period 
at  which  the  young  of  the  imported  forms  would  be  in  a  condition  to  be  observed  by  the  fisherman, 
whether  angler  or  nctter.  This  is  generally  asserted  to  be  owing  to  the  imported  fish  liaving 
interbred  with  the  local  race,  and  the  hybrid  (as  it  is  wrongly  termed)  or  mongrel  form  has 
the  local  colours.  It  is  therefore  interesting  to  ascertain  whether,  were  eggs  removed  to  a  given 
spot  quite  distinct  from  the  waters  where  the  parents  reside,  the  young  which  emerge  from  those 
eggs  would  retain  the  colours  of  their  parents,  or  assume  those  peculiar  to  the  locality  ;  for  if  this 
latter  occurs,  it  must  be  evident  that  such  has  been  consequent  upon  local  surroundings. 
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trout  were  received  from  Mr.  Andrews  of  Guildford,*  and  these  were  placed  in  tlie 
ponds  by  Mr.  Ogden,  of  Cheltenham.  In  Aug-ust,  1886,  I  was  informed  that,  it 
having  become  necessary  to  remove  these  fish  to  a  more  suitable  locality,  they  had 
been  capturing  them,  and  very  great  differences  were  perceptible  both  in  size  and 
colour  among  these  two  sets  of  hshes— those  in  the  upper  pond  being  silvery  with 
a  few  black  spots,  whereas  those  in  the  lower  pond  were  of  a  much  larger  size, 
covered  with  spots,  and  having  purple  and  golden  reflections.  Having  obtained 
leave,  I  visited  these  ponds,  accompanied  by  Mr.  Ogden,  on  August  2 5th,  ^1886,  and 
found  the  temperature  of  the  water  at  2.45  p.m.  to  be  from  57°  to  65°  Fahr.  m 
accordance  with  depth  and  the  side  of  the  pond  investigated.  The  lower  pond 
was  the  deeper,  and  in  it  were  large  quantities  of  the  American  weed,  Anacharis 
olcinastrMm,  also  some  of  the  Cliara,  while  on  the  surface  was  a  considerable 
amount  of  the  water  cvoiv&iooi  {Uanunculus  aquatilis);  whereas  in  the  upper  pond 
there  were  fewer  weeds,  but  some  of  the  Pimpinella  saxifraga  was  present  near  its 

upper  end.  . 

It  seemed,  so  far  as  we  could  ascertain,  that  more  animal  pond-lite  was  present 
in  the  lower  pond  among  the  greater  amount  of  vegetation,  especially  in  the 
sessile-eyed  crustaceans  Gammarus  pulex,  and  water-snails  Limnea  ovata  variety 
peregra.  These  forms  were,  however,  also  present  in  the  upper  pond,^where  a 
small  water-newt  was  also  netted.  During  the  month  of  April,  1866,  when 
investigating  the  stream  which  issues  from  the  lower  end  of  these  ponds, 
I  found  enormous  numbers  of  tadpoles  and  the  larvas  of  PhryganeidiB  and 
Ephemeridse. 

A  fish  captured  from  the  upper  pond  (plate  vii,  fig.  2)  was  7  inches  long,  its 
colours  o-enerally  silvery  with  a  golden  abdomen,  and  a  few  black  spots  along  the 
sides,  three  of  which  were  below  the  lateral-line  and  two  on  it,  as  well  as  three 
red  ones;  cheeks  silvery  yellow  tinged  with  gold.  Some  spots  on  the  rayed  dorsal 
fin,  which  had  a  white  black-based  edge  at  its  upper  angle ;  while  the  ventral  and 
anal  fins  had  a  very  distinct  white  black-based  edging.  Upper  and  lower  rays  of 
caudal  fin,  and  the  upper  end  of  the  adipose  dorsal,  orange-edged.  Fifty-two 
cajcal  appendages.  A  male,  but  sterile.  The  appearance  of  this  fish  as  to  colour 
was,  Mr.  Ogden  observed,  similar  to  the  others  previously  removed  from  the 
pond. 

Two  male  fishes  were  taken  from  the  lower  pond,  one  ten,  the  other  eleven 
inches  lone.  They  were  generally  purplish,  with  golden  reflections.  The  side  of 
the  body  (of  one  which  was  most  critically  examined)  from  the  upper  edge  of  the 
pectoral  fin  to  and  above  the  lateral-line,  was  closely  dotted  with  ocellated  black 
spots,  while  there  were  also  some  red  ones,  five  of  which  were  on  the  lateral-line. 
Cheeks  and  abdomen  golden,  becoming  white  on  the  chest.  Dorsal  fin  with 
numerous  spots,  and  a  pink  black-edged  upper  angle.  Adipose  dorsal  with  a  red 
edge  and  several  black  spots.  Pectoral  and  ventral  chrome  with  white  edges,  base 
dark.  Sixty-two  ca?cal  appendages.  The  generative  organs  well  developed. 
Twenty-two  small  Limnea-sheWs  in  its  stomach. 

Near  the  end  of  the  year  1886  an  interesting  occuri-ence  occurred  among  these 
fish,  which  would  seem  to  prove  that  Lochlevens  throwing  back  to  brook  trout, 
may  be  consequent  upon  a  diminished  supply  of  food  causing  deterioration. 
During  the  last  week  in  November  Mr.  Ogden  was  near  this  lower  pond,  and  saw 
a  large  trout  rise  ;  so  he  returned  to  the  house,  and  having  obtained  his  fishing- 
tackle,  made  a  cast  over  it  and  captured  it  at  the  first  throw.  It  proved  to  be 
15  oz.  in  weight,  in  good  condition,  but  was  described  to  me  as  having  been 
nearly  black  (similar  to  plate  vi,  fig.  1),  while  it  was  the  largest  fish  that  has  been 
seen  there.  In  fact  this  pond  latterly  had  very  few  fish  in  it  (most  having  been 
removed) ;  leaving  a  more  abundant  supply  of  food  for  those  which  remained ; 
consequently  this  "fish  had  grown  larger  and  taken  on  the  Lochleven  trout  colours. 

*  Mr.  Andrews,  of  Westgate  House,  Guildford,  wrote  (September  14th,  1886)  :— "  The  yearhng 
fish  suppUed  to  Mr.  Ogden,  of  Cheltenham,  in  1885,  were  Lochlevens  reared  from  eggs  which 
were  sent  me  from  Howietoun.  There  can  be  no  doubt  of  their  being  from  ova  from  Stirling,  as 
they  were  put  in  a  pond  quite  distinct  from  the  others  on  a  different  water-shed." 
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As  regards  the  colour*  of  the  adipose  dorsal  fin,  on  June  5tli,  188G,  I  examined 
tills  in  many  Lochlevens,  from  pond  *J  ;  the  first  was  rising  2  years,  and  5  inches 
long.  It  had  two  black  spots  on  the  adipose  dorsal,  but  not  a  trace  of  orange  and  no 
red  spots  on  the  body  ;  and  several  more  subsequently  looked  at  were  the  same. 
Three  had  a  slight  orange  tinge  on  the  adipose  liu,  and  likewise  a  few  red  spots 
on  the  body ;  in  fact  this  iiu  was  orange-tinted  in  all  wlierein  red  spots  existed 
on  the  sides,  and  the  presence  of  these  red  spots  was  the  exception,  not  the  i-ule. 
Passing  on  to  the  nursery  ponds,  we  examined  a  few  under-sized  Lochlevens 
which  had  not  feti  well ;  all  had  their  bodies  red-spotted  and  also  red  on  the 
adipose  dorsal  fin,  while  the  rayed  dorsal  had  a  more  distinctly  black  white-edged 
margin  than  was  generally  seen.  Some  of  the  fish  had  two,  three,  or  four  black 
spots  on  this  fin.  These  fish  would  at  once  have  the  bi'ook  trout  livery  and  not  pass 
through  the  normal  silvery  stage — a  stage  that  has  been  erroneously  asserted  to 
be  an  infallible  test  of  whether  a  trout  is  migratory  and  sea-going.  In  August  I 
examined  a  number  of  the  two-year-olds  of  these  fish,  which  were  removed  from 
the  Howietoun  ponds,  and  only  a  trace  of  orange  was  apparent  iii  the  adipose 
fins  of  some,  but  the  white  front  edge  to  the  dorsal  and  anal  fins  was  not 
uncommon. 

Many  statements  have  been  made  as  to  the  number  of  the  par  bands  extending 
along  the  sides  of  trout,  and  some  naturalists  apportion  two  or  three  more  to  the 
auadromous  than  to  the  fresh -water  forms  (p.  158  ante).  But  I  have  already 
shown  (p.  172)  that  those  numbers  are  inconstant,  and  that  I  have  counted 
from  eight  to  seventeen,  and  all  the  intermediate  numbers,  in  undoubted  young 
Loclilevens. 

I  have  already  (p.  145  ante)  referred  to  h.ow  a  hybrid  between  a  Lochleven 
trout  and  salmon  par  showed  an  orange  edging  to  the  adipose  dorsal  fin,  whereas 
not  only  is  such  absent  in  both  young  salmon  and  young  Lochlevens,  but  present 
in  many  sea  trout  with  which  young  Lochlevens  have  been  compared. 

I  assume  it  cannot  be  denied  that  the  Howietoun  fish  are  in  every  respect  similar 
to  those  of  Loch  Leven,  from  whence  the  bi-eed  was  derived.  This  variety  is 
sometimes,  not  always,  finer  shaped  towards  the  tail,  and  when  young  has  a  rather 
shorter  head  than  is  seen  in  the  ordinary  brook  trout.  Its  maxillary  bones,  when  it 
remains  in  its  native  locality,  are  somewhat  finer  than  in  our  ordinary  river  trout ; 
its  cajcal  appendages  are  more  in  number ;  while  its  colour  differs,  being  as  a  rule 
silvery  with  black,  but  no  red  spots  up  to  its  fourth  or  fifth  year,  but  as  already 
remarked,  all  these  characters  are  liable  to  change  if  removed  to  a  new  locality. 
This  fish  doubtless  is  a  rapid  grower  in  its  northern  home  ;  and  the  race  at  Howie- 
toun has  been  much  improved  by  selection  of  breeders  ;  but  removing  the  eggs  to 
a  new  locality  and  then  rearing  the  young  has  shown  that  the  form  and  colour  of 
the  local  race  of  trout  is,  as  a  rule,  assumed,  while  even  the  number  of  ca)cal 
appendages  becomes  altered,  owing  to  changed  condition  of  life.f 

Variety. — One  was  taken,  October  15th,  1886,  at  Howietoun,  which  had  the 
basal  half  of  its  caudal  fin  spotted  with  black,  otherwise  it  was  slate-coloured. 

Habits. — These  are  similar  to  what  have  been  remai'ked  in  the  brook  trout 
(see  p.  204  ante).  During  the  breeding  season  it  has  been  observed  that  some  adults 
have  abraded  snouts,  apparently  due  to  rubbing  or  routing  up  the  ground  for  eggs, 
but  as  such  is  not  seen  among  unripe  fish,  it  has  been  suggested  that  it  may  be 
consequent  on  their  searching  for  sixitable  places  in  which  to  form  redds,  and 

*  A  brook  trout  5  inches  long,  taken  from  the  brook,  had  10  vermilion  spots  along  the  lateral- 
line,  and  two  rows  below  it,  also  some  irregularly  disposed  ones  on  the  body  with  a  considerable 
number  of  black  spots  ;  and  black  and  red  ones  on  the  dorsal  fin,  which,  and  also  the  ventral  and 
anal,  had  a  white  dark-based  front  edge  (see  also  p.  172  ante). 

t  Mr.  Andrews  (MSS.  Nov.  188G)  finds  in  his  "  Fish-Cultural  Establishment  "  at  Guildford 
that  "  eggs  of  the  Lochleven  trout  from  Howietoun  do  very  well  with  him  ;  they  are  hatched  in 
water  coming  from  chalk,  and  reared  where  it  comes  from  a  gravelly  soil.  The  young  grow 
more  rapidly,  and  are  deeper  in  form  than  seen  at  the  same  age  in  their  native  home.  The  year- 
lings have  the  tip  of  the  adipose  dorsal  fin  and  edge  of  the  tail  fin  red,  and  there  are  also  some 
red  spots  on  the  body,  in  common  with  young  of  the  brook  trout  and  some  reputed  as  S.fero.v."' 
Mr.  Andrews  continued  that  he  "  knows  of  no  vnmistakahle  peculiarities  observable  in  the  fore- 
going three  varieties  of  British  trout ;"  and  I  question  if  anyone  else  is  able  to  point  such  out. 
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jousliing  up  places  where  the  entrance  is  more  or  less  impeded,  and  thus  causing 
them  to  employ  their  snouts  for  this  purpose. 

At  the  Howietoun  fish-farm,  one  fact  used  to  be  very  patent,  that  the  form  of 
trout  least  alarmed  at  the  presence  of  strangers  was  the  Lochleven,  which  had 
been  hatched  and  reared  there,  coming  immediately  to  the  surface  for  food,  making 
the  water  bubble  with  their  numerous  forms,  while  they  allowed  themselves  to 
be  removed  by  means  of  a  hand-net ;  the  American  char  kept  more  to  the  mid- 
water  ;  while  the  common  brook  trout,  which  had  been  obtained  when  young  from 
the  burns,  were  so  cunning  that  the  very  sight  of  a  net  caused  them  to  dive  down 
and  remain  at  the  bottom.  Some  of  the  young  raised  at  Howietoun  are  observed 
to  take  on  cannibal  propensities,  when  if  small  their  colour  becomes  yellow,  their 
teeth  abnormally  developed,  while  they  rapidly  augment  in  size.  At  Loch  Leven 
during  the  breeding  season  these  fishes  are  observed  to  push  up  rivers  to  deposit 
their  spawn,  and  in  these  localities  the  young  are  hatched  and  the  par  reared.  In 
fact  their  habits  appear  to  be  migratory  to  a  qualified  extent,  the  par  not  leaving  the 
burns  for  the  loch  until  they  are  from  ten  to  eighteen  months  of  age. 

This  form  of  trout  agrees,  in  many  respects,  with  the  variety  of  the  sea  trout 
termed  Whitling,  Salmo  albus  (see  p.  159  ante),  for  in  the  young  state  it  usually 
has  the  same  short  head,  preopercle  with  a  very  indistinct  lower  limb,  and  a  num- 
ber of  caBcal  appendages.  Unless  the  examples  from  Howietoun  which  I  have 
dissected  are  exceptions,  it  would  seem  that  change  of  locality  to  a  smaller  piece 
of  water  has  been  coincident  with  a  decrease  in  the  number  of  the  jiyloric 
ajipendages,  coupled  with  a  decided  lengthening  of  the  head. 

breeding. — Similar  to  the  brook  trout  elsewhere,  these  fish  at  Loch  Leven 
ascend  the  streams  for  the  purpose  of  spawning  towards  the  end  of  September  or 
commencement  of  October.  The  size  of  the  eggs  of  these  fishes  has  already  been 
referred  to  (pp.  25,  208),  but  it  would  seem  that  there  may  be  slight  yearly  varia- 
tions ;  thus  in  1885  they  were  slightly  smaller  at  Howietoun  than  in  1884,  for  in 
February,  1885,  I  found  the  average  size  of  the  eggs  from  seven-year-old  parents 
was  0'24  in.,  but  some  were  0"20  in.,  others  0-22  in.  in  diameter.  In  some  seasons, 
however,  among  those  spawned  the  second  week  in  December,  a  considerable  per- 
centage were  observed  larger  than  the  eggs  obtained  earlier  in  the  season,  thus 
the  average  size  from  old  fish  was  0  21  in.,  the  largest  was  0  27,  and  the  smallest 
0'175.  This  leads  one  to  believe  that  both  the  age  of  the  fish  and  the  period  of 
the  season  have  to  be  taken  into  account  when  considering  the  size  of  the  eggs. 
Probably  one  reason  why  young  fish  do  not  give  such  large  eggs  as  older  parents 
is,  that  in  the  first  the  nutrition,  which  is  consumed,  goes  both  to  assist  in  the  growth 
of  the  parent  fish  and  the  formation  of  the  ova,  whereas  in  old  fish  their  growth 
has  not  to  be  taken  so  much  into  account.  The  disastrous  results  of  employing 
the  eggs  or  milt  from  young  parents,  has  been  already  referred  to*  (seep.  26  ante). 
At  Howietoun  the  milt  of  the  males  appears  to  be  ripe  at  least  three  weeks  prior 
to  the  eggs  of  the  females,  and  although  among  the  young,  males  are  the  pre- 
dominant sex,  at  five  years  old  they  are  commencing  to  be  scarce,  and  become 
very  rare  at  six. 

September  3rd,  1884,  a  Lochleven  trout  hatched  in  1878,  in  pond  twelve,  was 
accidentally  killed,  and  it  weighed  with  its  ova  2  lb.,  the  eggs  comprising  \  lb. 
of  that  weight.  These  eggs  were  carefully  counted  by  Mr.  Thompson,  and  found 
to  be  1944  in  number,  or  129G  to  each  pound's  net  weight  of  fish  after  removing  the 
eggs,  or  972  to  each  pound's  gross  weight  of  fish,  or  before  the  removal  of  the  eggs. 

In  October,  1866,  in  one  which  died  of  fungus,  I  found  three  eggs  from  the 
previous  year  adherent  to  the  pyloric  cteca.  In  one  fine  female  the  right  ovisac  was 
full  of  healthy  looking  eggs,  while  the  left  had  merely  its  upper  two-thirds  full, 
and  from  its  lower  portion  depended  a  whitish  membrane,  containing  some  eggs 
from  the  preceding  season. 

These  fish  about  the  breeding  time  spring  out  of  the  ponds,  and  rush  over  their 

*  In  1881  Sir  James  Maitland  fertilized  the  ova  of  the  Lochleven  trout  witli  the  milt  of  the 
sea  trout,  and  95  per  cent,  hatched  (sec  Professor  Easch's  Experiments,  note,  p.  48  ante).  The 
colour  of  the  eggs  has  been  referred  to  at  p.  208. 
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Rurface  as  if  they  wove  vcny  uneasy.  Should  they  l)c  much  fed  at  this  period  it 
has  boon  thouglit  that  distension  of  tlio  abdomen  from  food  sometimes  causes  them 
to  prematurely  extrude  their  eggs.  Sometimes  the  old  lish  will  even  si)ring  on  to 
the  banks  of  the  ponds,  and  so  meet  with  their  deaths.  The  kelts  at  Howietouu 
commence  feeding  about  a  month  after  breeding. 

Life  history.— It  Avill  bo  very  important  to  follow  this  out  in  the  Lochlcvcn 
trout,  showing  hoAV  it  may  vary  with  changing  circumstances,  and  consequently 
supply  an  excellent  example  of  how  very  variable  arc  these  unstable  forms,  not 
only  in  their  external  appearance,  but  also  in  their  internal  structure.  The  alevms 
at  Howietoun  do  not  show  a  trace  of  orange  on  the  adipose  or  dead  fin  of  the  back, 
nor  is  it  seen  on  either  edge  of  the  caudal :  at  Delaford,  in  April,  1887,  I 
similarly  observed  that  this  orange  colour  was  absent.  But  at  Mr.  Andrews'  at 
Guildford,  among  those  hatched  from  Howietoun  eggs  it  was  present  in  all  (April, 
1887),  similarly  to  what  existed  in  the  brook  trout  raised  from  eggs  obtained  from 
local  forms.  This  must  conclusively  show  that  certain  causes  will  occasion  the 
adipose  dorsal  fin*  and  the  upper  and  lower  margins  of  the  caudal  to  take  on  an 
orange  colour  similar  to  the  common  brook  trout.  Passing  on  to  the  fry,  or  those 
which  have  absorbed  the  yelk-sac,  we  find  that  at  about  two  months  of  age,  or 
even  less,  the  finger  marks  shoAV  themselves  on  the  sides,  and  that  prior  to  the 
appearance  of  the  scales. 

Lochleven  Fishery.— At  Lochleven  the  drainage  works  do  not  appear  to  have 
proved  beneficial  to 'the  trout  in  the  loch,  where  from  1846  to  1855  the  captures 
principally  taken  by  net  averaged  annually  13,200,  subsequent  to  which  figures 
have  not  been  obtained  until  1872,  when  18,000  were  taken  by  anglers  and  2000 
by  net :  and  in  1873,  when  13,394  were  taken  by  the  rod.  Latterly  this  loch  has 
been  much  frequented  by  anglers,  and  as  the  fish  (probably  due  to  the  excessive 
lowness  of  the  burns)  appear  now  to  be  less  favourable  for  breeding,  artificial 
stocking  has  been  resorted  to.f 

Sir  J.  G.  Maitland  (Field,  September  23rd,  1882)  showed  the  results  of 
stocking  this  loch  from  his  establishment  at  Howietoun  : — 

:  captures    5093 :  average  weight  each  1-113  lb. 
3227:  „  „  1-080  lb. 

6286:  „  „  -901  lb. 

13,519:  „  „  •685  1b. 

„        21,491:  „  „  -777  lb. 

„         19,642:  „  „  -900  lb. 

16,811:  „  „  1-050  lb. 

9415:  „  „  1011  lb. 

14,227:  „  „  -913  Ih. 

15,940:  „  „  -874  lb. 

,         16,775:  „  „  •873  1b. 

12,157:  „  .,  -956  lb. 

Mv.  Francis  (Field,  October  1st,  1881)  observed  that  he  was  shown  small 
ponds  at  Sir  James  Maitland's  at  Howietoun,  proving  most  conclusively  that:  — 

*  Although  I  am  unable  to  satisfy  myself  of  the  existence  of  rays  in  the  adipose  fin  of  young 
trout,  still  they  have  been  asserted  to  be  present.  Mr.  Gorelwer  observed,  m  the  Transactions  of 
the  Ea^t  Kent  Natural  History  Society,  that  this  fin  is  "  small  and  rudimentary,  not  unlike  a  fatty 
layer  in  a  thin  skin-film,  it  is  quite  destitute  of  fat,  and  is  kept  extended  by  a  thickly  crowded  set 
of  parallel  and  very  delicate  rays,  extending  from  the  back  of  the  fish  upwards  to  the  free  margin 
of  the  fin,  and  often  projecting  a  little  beyond  it,  as  one  may  witness  by  the  help  of  an  achromatic 
object  glass  of  half  an  inch  focal  length.  These  rays  are  indeed  composed  of  a  peculiar  glassy 
and  homogeneous  matter,  like  the  intercellular  part  of  true  cartilage,  quite  structureless,  and  devoid 
of  cells  ;  nor  have  these  rays  any  muscular  provision  for  their  motion  which  we  know  to  belong  to 
true  fins,  neither  have  the  rays  of  the  adipose  fin  any  resemblance  in  structure  to  the  bony  rays  ot 
other  fins."  .  ,  i    .  i     • 

t  It  was  pointed  out  that  it  takes  two  seasons  for  the  fry  to  attain  to  a  useful  size,_a  conclusion 
which  agrees  with  the  figures,  also  that  with  the  increased  takes  at  first  there  is  a  diminution  m 
the  weight  of  the  individual  fish.  ,,..•,,     i       t-         t        i 

+  Also  in  1882,  3000  two-year-old  fish  from  Howietoun  were  placed  in  the  loch.  Knox  found 
that  Lochleven  trout  were  filled  with  entomostraca  in  the  month  of  January,  but  that  during  the 
remainder  of  the  year  they  lived  on  Buccinum  :  at  Howietoun  they  thrive  on  clams,  or  horsellesn. 


1875, 

fiy  turned 

in  9000 

1876 

22,000  : 

1877 

70,000  : 

1878 

45,000  : 

1879 

none   : 

1880 

none 

1881 

none   : 

1882 

50,000  : 

1883 

none   : 

1884 

none   : 

1885 

200,000 

1886 

J) 

240,000 

230  SALMOOTD^    OF   BRITAIN. 

"  A  small  pond,  70  yards  by  30,  and  in  it  you  can  maintain  1400  trout,  averag- 
ing 4  lb.  each,  in  the  height  of  condition,  and  in  beautiful  order,  and  fit  for  the 
table.  Is  it  not  clear  from  this  that  any  ordinary  lake  in  a  nobleman  or  gentle- 
man's grounds  can  be  made  to  carry  any  number  of  fish  you  require  for  either 
sport  or  table,  provided  they  are  properly  and  duly  fed  ?  It  is,  as  I  have  always 
maintained,  wholly  and  solely  a  question  of  feeding,  and  what  so  easy  as  to  feed  a 
trout !  he  will  eat  nearly  everything  from  bread  to  cockroaches,  and  even  clover 
heads  do  not  come  amiss  to  him  ...  he  picked  half  a  dozen  heads  of  red  clover 
from  the  grass,  and  then  threw  them  on  the  water,  and  the  big  fellows  came  at 
them  like  tigers,  and  even  when  you  pulled  the  heads  to  pieces,  and  scattered  the 
petals  on  the  other  ponds,  the  small  fish  would  take  them  just  as  greedily." 

Diseases.— These  fishes  are  affected  with  disease  similarly  to  the  salmon  and 
the  trout,  while  bay-salt  has  been  used  with  success  at  Howietoun  in  order  to 
arrest  a  fungus  which  has  from  time  to  time  appeared  in  the  ponds.* 

As  food.— The  Lochleven  trout  is  generally  very  highly  esteemed,  not  only  for 
the  red  colour  of  its  flesh,  but  because  it  possesses  a  peculiar  delicacy  of  flavour, 
most  probably  the  result  of  the  food  upon  which  it  lives,  for,  remove  it  to  another 
locality,  and  the  flesh  will  often  become  white.  Whether  the  flavour  of  these 
fishes  now  found  in  the  loch  has  or  has  not  deteriorated  since  its  partial  draining, 
as  asserted  by  some  and  contradicted  by  others,  must  ever  remain  unsolved, 
because  the  manner  in  which  the  fish  were  cooked,  the  amount  of  hunger  in  the 
partakers  of  this  food,  and  many  other  circumstances  would  have  also  to  be 
taken  into  account,  while  deciding  such  a  question  from  recollection  would  be 
a  rather  doubtful  proceeding.  There  is  a  legend  that  in  olden  times  these  fish 
never  took  a  fly  ;  and  an  anonymous  writer  in  1886,  commenting  upon  the  bad 
luck  which  had  attended  an  angling  competition,  observed  that  fly-fishing  on  the 
Loch  Leven  liad  been  in  existence  for  about  twenty-five  years,  but  previous  to  that 
time  these  fish  showed  no  disposition  for  winged  prey.  Granting  the  general 
accuracy  of  this  statement,  such  would  seem  to  partially  confirm  the  opinion  of 
Parnell  and  some  others,  that  the  local  food  has  diminished  in  amount,  therefore 
these  fish  will  now  take  the  fly. 

Parnell  held  that  at  Lochleven  the  flesh  of  this  form  of  trout  is  of  a  dark 
red,  but  in  the  common  loch  or  burn  trout  pinkish  or  often  white.  But  this 
cannot  be  held  as  distinctive  of  species,  for  in  the  same  day  in  Sutherlandshire, 
at  Loch  Assynt,  some  trout  captured  showed  all  variations  in  the  colour  of  their 
flesh,  from  white  to  red,  but  were  all  equally  well  tasted.  And  Parnell  observed 
that  "  James  Stuart  Monteith,  Esq.,  of  Closeburn,  caught  a  number  of  small 
river  trout,  and  transferred  them  to  a  lake  (Loch  Ettrick),  where  they  grew 
rapidly ;  their  flesh,  which  previously  exhibited  a  white  chalky  appearance, 
became  in  a  short  time  of  a  deep  red,  while  their  external  appearance  remained 
the  same  from  the  time  they  were  first  put  in  "   (p.  370)  .f 

Habitat. — Loch  Leven  in  Fifeshire,  and  other  lochs  in  the  south  of  Scotland 
and  the  north  of  England  ;  while  Parnell  recorded  having  met  with  this  form  so 
far  north  as  Sutherlandshire. 

As  to  the  size  this  fish  attains,  six-year-old  examples,  some  weighing  as  much 
as  7  lb.,  were  found  at  the  Howietoun  ponds  in  1882,  since  then  they  have  been 
captured  up  to  101b.  in  weight.  In  Loch  Leven  on  April  27th,  1810,  one  101b. 
weight  was  netted ;  while  in  the  New  Statistical  Account  of  Scotland  mention  was 
made  of  two  examples  captured  previous  to  that  date,  one  being  nearly  9  lb.,  the 
other  almost  18  lb. 

*  I  was  informed  that  crows  at  Howietoun,  after  having  eaten  diseased  fish,  moulted  and 
became  most  miserable  objects,  and  three  or  four  were  thought  to  have  become  leprous. 

t  Mr.  Ffennell,  writing  of  the  Lochlevens  at  Mr.  Andrews'  {Timcx,  Oct.  14th,  1886),  observed, 
"  I  certainly  think  that  those  I  took  from  the  roadside  pond  in  Surrey  were  the  very  best  I 
had  ever  placed  before  me."  Elsewhere  these  fish  have  been  used  for  stocking  pieces  of  \yater, 
but  with  varying  success.  Thus  Knox,  Lone  Glens  of  Scotland,  1854,  remarked  of  those  intro- 
duced into  the  artificial  Lake  of  Prestmarman,  under  circumstances  highly  disadvantageous  they 
throve  tolerably  well  (p.  35).  They  have  also  been  transferred  from  Loch  Leven  to  the  county 
of  Renfrew. 
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CHAR. 

When  treating  o£  the  group  Salmones,  or  forms  among  the  genns  Salmo, 
wherein  teeth  are  found  present  at  some  period  of  their  lives  on  the  body  as  well 
as  on  the  head  of  the  vomer,  I  gave  (pp.  10  to  11)  a  synopsis  of  the  views  held  by 
British  Naturalists  respecting  what  they  each  deemed  to  be  species  or  else 
referred  to  varieties.  I  propose  taking  the  same  course  with  the  chars,  a  sub- 
genus of  Salmo,  wherein  the  vomerine  teeth  are  restricted  to  the  head  of  that 
bone  (see  fig.  3,  p.  10). 

Although  char  do  not  differ  so  much  in  colour  among  themselves  as  do  our 
trout,  partly  owing  to  their  not  frequenting  salt  water,  still,  at  various  ages,  their 
forms  ai^e  so  diversified,  and  sexual  distinctions  so  considerable,  as  to  have 
deceived  many  ichthyologists  who  have  studied  these  fishes  more  in  museums 
than  in  their  natural  haunts.  Fish  culture  has,  however,  proved  of  great  service 
in  eradicating  from  systematic  zoology  a  large  number  of  species,  which  must, 
however,  unfortunately  continue  for  years  encumbering  the  pages  of  ichthyological 
literature.* 

*  Willoughby  (168G)  placed  under  one  head  Umhla  minor,  Gesner  the  Reiitele  of  South 
Germany,  the  Torgoch  of  Wales  and  Westmoreland,  and  the  red  char  of  Windermere,  table  no.  7. 
He  also  alluded  to  the  gelt  or  gilt  char  of  Westmoreland,  which  he  referred  to  Carpio  laciis  Benaci 
of  Eondeletius  ;  he  likewise  figured  it,  table  no.  5. 

Eay  (1713)  held  the  same  views  as  Willoughby. 

Pennant  (1776)  figured  the  char,  and  asserted  his  opinion  that  the  case  char,  the  gelt  or  silver 
cJiar,  i.e.,  a  barren  fish  or  one  which  has  not  spawned  the  preceding  season,  and  on  that  account 
is  reckoned  to  be  in  the  greatest  perfection,  the  red  char,  and  those  of  Loch  Inch  in  Scotland, 
were  probably  all  one  species.  He  observed  that  the  variety  case  char  spawned  about  Michaelmas, 
while  the  gilt  char  did  so  from  the  beginning  of  January  to  the  end  of  March.  He  also  alluded 
to  the  Welsh  char. 

Donovan  (1801)  gave  a  figure  of  what  he  considered  the  gilt  char  of  Pennant,  Salmo  alpinus, 
Linn. ;  also  a  plate  of  Salmo  salvclintis,  Bloch,  the  torgoch  of  the  Welsh,  then  said  to  be  confined 
to  the  waters  of  Llyn  Quellyn,  one  of  the  Alpine  lakes  situated  in  a  deep  valley  on  the  west  side 
of  Snowdon.     He  considered  that  it  differed  from  the  chars  of  Windermere. 

Turton  (1807)  agi-eed  with  Donovan,  as  did  also  Fleming  (1828).  Jenyns  (1835)  held  identical 
views,  but  termed  the  Alpine  char  of  Donovan  S.  umhla.  Yarrell  (1836)  held  the  same  opinions 
as  Jenyns,  but  in  his  second  edition  (1841)  as  well  as  in  his  third  (1859),  all  our  British  forms 
were  held  to  be  varieties  of  one  species. 

Agassiz  (1834)  believed  that  all  our  British  forms  were  identical  with  the  Omhre  chevalier  of 
the  Lake  of  Geneva,  observing  that  naturalists  "  have  especially  attached  themselves  to  the  form 
of  the  head  and  the  arrangement  of  the  colours :  but  these  two  particulars  are  much  too  variable 
to  supply  precise  characters ;  as  to  the  variations  in  colour  we  may  say  they  are  infinite"  (Brit. 
Assoc.  Report,  1834,  p.  619). 

Bichardson  (1835)  placed  (1)  S.  umhla  as  synonymous  with  S.  alpinus  and  S.  salvelinns  of 
Linna3us,  and  also  with  the  species  found  in  the  Lake  of  Geneva,  but  he  desired  his  readers  to 
remember  that  the  history  of  the  char,  whether  single  or  distinctive,  had  not  up  to  that  time  been 
clearly  made  out.  In  Windermere  he  continued  that  the  case  char  ascended  rivers,  spawning 
about  Michaelmas,  while  the  red  char  deposited  its  ova  along  the  shores  of  the  lake,  and  not  until 
the  end  of  December  or  the  beginning  of  the  year. 

Parnell  (1838)  classed  our  northern  char  as  S.  umhla,  Linn.'cus. 

Thompson  (1840),  and  subsequently  in  1851,  held  that  all  the  forms  of  British  and  Irish  char 
were  varieties  of  one  species,  the  .S'.  iniil/la,  Linnteus. 

White  (1851)  placed  all  the  British  examples  in  his  catalogue  of  the  fish  in  the  National 
Museum  as  pertaining  to  S.  umhla. 

Dr.  J.  Davy  (1857)  said  of  the  char,  "so  various  are  they,  indeed,  that  in  no  two  lakes  do  they 
perfectly  agree,  either  in  their  average  size,  form  and  colouring,  or  even  in  their  habits.  Compare 
the  char  of  Windermere  and  Hawes  Water :  were  it  not  for  their  scales  and  other  chstinctive 
features,  there  would  be  little  hesitation  in  saying  that  they  were  different  species,  the  char  of 
Hawes  Water  is  so  much  smaller  and  thinner  and  differently  spotted  :  the  one  taking  the  artificial 
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8.  fontinalis,ov  the  American  char,  has  likewise  been  added  to  the  British  fish 
fauna,  having  been  introduced  and  being  now  extensively  distributed  throughout 
the  country,  but  with  varying  success,  as  will  be  alluded  to. 

Up  to  1866  Pennant,  Agassiz,  Yarrell,  and  White  only  admitted  one  form  of 
char  as  British,  while  Donovan,  Turton,  Fleming,  and  Jenyns  believed  in  two. 
Giinther  increased  them  to  six,  subsequently  S.  struanensis  was  added,  and  the 
American  char  widely  propagated. 

Widegren  (1864)  asserted  that  in  Scandinavia  there  existed  two  races  of  char, 
the  larger  being  found  in  Lapland,  Lake  Wetter,  and  other  lakes ;  while  the 
smaller  was  present  in  pieces  of  water  of  less  size,  as  those  of  Jemtland, 
Wermland,  Smaland  and  Norway.*  These  two  races  he  held  to  be  simply 
modifications  of  one  species,  Sahno  alpinus,  the  seebling  of  South  Germany,  of 
which  8.  uonbla  is  a  synonym.  Holding  these  opinions,  which  were  identical  with 
those  of  Agassiz  and  others,  he  entered  his  protest  against  the  validity  of 
Dr.  Giinther's  new  species,  which  he  deemed  as  merely  so  many  additions  to  the 
synonymy  of  *S'.  alimms.  Collett,  Norges  Fishe  (1875),  considered  all  the  char 
pertained  to  one  form,  so  also  did  Malm,  while  Moreau,  in  his  Fishes  of  Franco 
(1881),  arrived  at  the  conclusion  that  all  the  chars  of  that  country  were  a  single 
form,  8.  umhla,  which  he  considered  identical  with  8.  salvelinus. 

In  the  Zoological  Record  of  1864,  Dr.  Giinther  disputed  the  possibility  of  the 
size  of  the  teeth  having  any  bearing  on  the  food  these  fish  consume,  maintaining 
that  such  may  even  be  a  reason  towards  instituting  a  species.  However,  in  the 
artificial  rearing  of  Salmonoids  it  has  been  found  that  some  young  do  take  on 
cannibal  propensities,  and  are  furnished  with  larger  teeth  than  their  neighboui\s. 
Referring  to  the  size  of  the  eggs,  I  have  already  shown  (pp.  24,  25,  228)  that 
such  may  depend  on  the  age  of  the  fish,  and  other  circumstances. 

There  appeal's  to  have  been  three  different  main  reasons  for  dividing  the 
British  chars  into  several  species,  their  colour,  the  number  of  their  vertebrae,  and 
also  of  their  ccecal  appendages. 

The  colours  in  the  British  char  do  not  vary  to  so  great  an  extent  as  in  the 
troiit,  owing  to  their  residing  in  deeper  waters  and  tisually  merely  ascending 
towards  the  surface  at  night-time  to  feed,  while  other  changes  in  tint  are  consequent 
upon  the  breeding  season.  In  the  Lakes  of  Cumberland,  Westmoreland,  and 
Lancashire,  observed  Jenyns,  this  fish  in  its  ordinary  state  is  the  case  char  of 
Pennant ;  when  exhibiting  the  bright  crimson  belly  which  it  assumes  before 
spawning,  it  is  called  the  red  char  ;  when  out  of  season,  the  spawn  having  been 
shed,  it  is  distinguished  by  the  name  of  the  gilt  char.  Thompson  remarked  that 
he  had  examined  in  a  fresh  state  char  from  Windermere,  from  Loch  Grannock 
(Scotland),  and  Lough  Melvin  (Ireland),  and  preserved  in  spirits  or  dry  from  nine 
other  lakes  in  Scotland  or  Ireland.  Examinations  of  these  had  led  him  to 
believe  that  there  existed  but  one  species  :  which,  however,  like  the  Salmo 
fario  is  subject  to  extraordinary  variations.  In  one  lake  he  observed  that  the 
male  fish  can  at  a  glance  be  distinguished  from  the  female  either  by  colour  or 
by  the  many  chai'acters  which  are  comprised  under  "form."  In  another,  so 
similar  are  the  sexes  in  every  external  character,  that  without  the  aid  of  dissec- 
tion they  cannot  be  determined.  In  size  we  find  the  species  ordinarily  attain 
twice  the  length  and  several  times  the  weight  in  one  lake  that  it  does  in  anothei', 
although  the  area  of  their  waters  is  of  similar  extent ;  indeed,  in  some  of  the 
largest  lakes  this  fish  will  be  found  not  to  attain  near  the  size  it  does  in  some  others 
which  are  but  pools  in  comparison  ;  there  are,  howevei',  various  influences,  as  seen 
in  trout,  which  account  satisfactorily  for  such  differences.     In  the  form  of  the 

fly  of  the  angler  freely,  the  other— that  of  Windermere — is  seldom  caught  except  by  trolling  with 
he  minnow." 

Dr.  Giinther  (1860),  as  in  the  Salmones  so  in  the  Salvelini,  largely  augmented  the  number 
of  what  he  considered  British  species,  although  he  rejected  S,  innhla  and  S.  salvelinus  as  British 
forms.  He  gave  (1)  ,S'.  alpinns,  vertebrae  59-62,  cfccal  appendages  36-42  ;  (2)  »S'.  kiUiucusis,  vert. 
62,  ctcc.  pyl.  44-52  i  (3)  S.  Willoughhii,  vert.  66-62,  c.-cc.  pyl.  32-44  ;  (4)  ,S'.  perisii,  vert.  61,  ca3C. 
pyl.  36 ;  (5)  ,S'.  (jrayi,  vert.  60,  ca)C.  pyl.  37  ;  (6)  S.  colli,  vert.  63,  ca!C.  pyl.  42. 

Sir  J.  Gibson-Maitland  (1881)  added  *S'.  struanensis,  cteeal  pyl.  28. 

*  For  contrary  views,  as  observed  in  Ireland,  sec  Thompson's  remarks. 
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body  ao-aiuAvo  find  this  species,  when  in  equally  high  coiulition,  to  be  in  one  lake 
herring-like  and  in  another  approximating  to  the  roundness  of  the  eel.  bo  mani- 
fold are  the  differences  presented  by  the  char  from  various  localities,  that  it 
Avould  be  tedious  and  i^erhaps  useless  to  point  them  out  m  every  case.  A  corre- 
spondent in  The  Field  (April  22,  1882),  speaking  of  the  Avhite  trout  of  C^aebec, 
observed  that  the  best  authorities  seemed  to  agree  that  the  sea  trout  ot  the 
provinces  is  simply  a  N(/7/>io  fontinaUs  that  had  emigrated  into  salt  water  and 
changed  its  colour  by  that  means.  This  leads  us  to  ask  whether  Ave  ought  to 
ao-recTwith  Agassiz,  Thompson,  and  others,  that  the  number  of  species  of  char  in 
these  islands°is  limited  to  one,  but  that  subject  to  great  variations  in  ^oi'°^.  "^ 
colour,  and  other  characters  due  to  physical  causes  ?  Or  should  we  adopt  tlic 
theories  of  those  who  see  at  least  half-a-dozen  species  in  the  British  Isles,  and 
anticipate  many  more  being  discovered  when  the  lochs  of  Scotland  and  the 
loughs  of  Ireland  have  been  exhaustively  explored  ? 

The  mimher  of  vertehrce  in  examples  of  the  British  char  have  been  recorded 
as  varying  between  59  and  G3,  while  the  ccecal  appendages  differ  greatly,  but  not 
so  widely  as  in  the  fresh- Avatcr  trout,  having  been  observed  varying  between  28 
and  52.  As  to  the  number  of  scales  along  the  lateral-line,  it  is  remarkable  that 
in  the  American  Salmo  fontinaUs  they  Avould  seem  to  have  decreased  m  number.s 
in  some  which  have  been  introduced  into  the  fresh  waters  of  this  country  and 
bred  artificially  :  this  is  a  subject  which  requires  being  closely  Avatched  before  a 
very  decided  opinion  can  be  given. 

If  Ave  seek  to  investigate  the  history  of  these  fishes  from  theearhest  times, 
and  inquire  of  geologists  as  to  what  account  they  are  able  to  furnish,  we  are  told 
that  the  Salmonidce  are  a  comparatively  recently  evolved  family  (see  page  4:  ante), 
while  they  are  now  very  locally  distributed  in  our  lakes  of  Wales,  the  north 
of  England,  Scotland,  and  Ireland.  Mr.  Symonds,  in  the  last  edition  of  the 
Bccords  of  the  Bods,  observed  :  "  I  have  fished  in  and  visited  many  of  the  lakes  in 
Great  Britain  where  the  char,  Coregoni,  and  great  lake  trout  (Salmo  ferox)  are 
knoAvn,  but  I  never  saw  one  in  which  they  still  exist  that  is  not  either  a  glacier 
lake,  or  rock  basin,  or  that  is  not  dammed  or  otherwise  surrounded  by  glacial 
moraine  matter.  They  are  also  inhabitants  of  the  lakes  of  Sweden  and  Norway, 
which  everywhere  bears  traces  of  the  glacial  epoch  and  its  close,  and  seem  to  me 
to  be  (like  the  Alpine  plants  that  still  linger  among  the  mountains),  fishes  of  that 
colder  period  Avhen  the  last  of  the  glaciers  still  hung  to  the  combes  of  the  High- 
lands of  Scotland  and  Wales."  But  other  geologists  have  shoAvn  that  they  are 
not  now  restricted  to  lakes  of  glacial  origin.  Mr.  Brooke,  writing  respecting  a 
species  of  Irish  char,  observed  that  "  Lough  Eske  (where  it  was  captured)  Avas 
the  crater  of  an  extinct  volcano,  as  suggested  by  Dr.  Wilde,  of  Dublin." 

Doubtless  the  char  prefer  the  colder  north  to  the  more  temperate  portions  of 
the  globe  ;  and  also  moderately  still  waters.  Among  the  fishes  brought  by  the  late 
Arctic  expeditions  were  examples  of  char  very  similar,  if  not  identical  with 
British  forms,  thus  seeming  to  show  a  near  relationship  one  with  the  other.  While 
in  Nordenskiold's  Arctic  voyages  it  was  recorded  that  the  young  of  S.  alpinxis, 
three  inches  long,  were  captured  on  the  eastern  side  of  Widje  Bay  in  June,  1861. 
Char  are  a  more  delicate  and  apparently  shorter  lived  fish  than  trout,  they 
require  deeper  and  stiller  pieces  of  water  and  a  colder  temperature :  they  have 
even  been  recorded  as  residing  in  lochs  where  the  sun  never  reachesthe  surface 
of  the  water.  They  are  readily  destroyed  by  poisonous  substances,  while  attempts 
to  introduce  them  to  fresh  localities  have  not  been  so  uniformly  successful  as  A\_ith 
the  trout.  The  A^ery  young,  as  up  to  twelve  months,  will  thrive  in  boxes  under 
cover  where  trout  Avould  dwarf,  while  they  seem  to  be  rather  intolerant  of  heat, 
and  the  American  form,  at  least,  is  of  a  roving  disposition. 

Many  and  various  reasons  have  been  advanced  by  different  persons  for  and 
against  the  enactment  of  laws  for  the  protection  of  fish,  especially  char.  ^  The 
following  remarks  of  the  Salmon  Commissioners  of  1860  are  of  interest :—"  This 
delicate  fish  is  also  decreasing  in  number  and  the  cause  is  obvious.  They  are 
fished  for  and  taken  only  late  in  the  season  and  during  their  spaAvnmg  time.  Ihc 
excuse  for  this  is  that  they  then  only  como  to  the  shalloAV  parts  of  the  lake  and 
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cannot  be  taken  at  otlier  times  from  tlie  depth,  of  water  they  frequent.  This, 
however,  is  not  really  the  case.  In  October  they  are  taken  at  a  depth  of  40  yards 
or  more,  and  the  best  fish  are  got  then.  The  fact  is,  that  in  summer  when  they 
are  in  full  season,  it  is  more  profitable  for  the  boatmen  to  attend  upon  tourists 
and  anglers,  and  the  difficulty  of  deep-water  fishing  is  made  the  excuse  for  taking 
them  after  the  spawning  season  has  begun.  This  fish  is  in  great  demand  at  all  the 
hotels  near  the  lakes;  but  if  some  check  be  not  put  upon  their  destruction  at 
improper  seasons  they  are  likely  to  disappear  altogether"  (Report,  p.  v).  While 
Mr.  Houghton  in  his  British  Fresh-water  Fishes,  considered  that  the  extension 
of  the  Salmon  Act  to  char  was  a  great  mistake.  "  The  only  time — and  that 
time  is  of  short  duration — when  char  can  be  taken  in  any  numbers  is  in  October 
and  November,  when  they  leave  their  deep-water  haunts  for  the  shallower  parts 
of  the  lakes.  "The  destructive  agency  of  man,  limited  as  it  was  to  one  or  two 
months'  duration,  could  have  but  little  effect  in  causing  a  diminution  of  the 
species  in  the  extensive  depths  of  our  great  lakes,  which,  for  five-sixths  of  the 
year,  provide  safe  and  unassailable  harbours."  On  the  other  hand  it  has  been 
asserted  that  the  char  of  Lough  N"eagh,  in  Ireland,  have  been  exterminated  by 
man  within  the  last  forty  years,  showing  his  power,  when  unchecked  by  legislative 
enactments,  of  effectually  accomplishing  such  a  destruction.  In  La^ul  and  Water 
for  December  27th,  1879,  is  an  interesting  article  upon  the  result  following  the 
preservation  of  the  Llanbcrris  char.  Two  large  fresh- water  lakes  exist,  joined 
together  by  a  small  river.  In  November  the  char  pass  up  this  stream  to  the 
lower  portion  of  the  upper  lake  to  spawn,  having  accomplished  which  they  return 
to  the  lower  lake.  The  proprietors,  acting  on  the  principle  enunciated  above, 
used  to  net  them  at  the  spawning  period  ;  but  the  Salmon  Act  of  1873  prohibited 
the  capture  of  these  fish  between  October  1  and  February  1,  so  the  killing  of  these 
spawning  char  has  been  stopped.  Prior  to  1874  they  were  only  to  be  seen  here 
and  thei-e  in  shoals  of  a  score  or  so,  whereas  now  they  may  be  observed  in 
hundreds,  averaging  about  nine  fish  to  2  lb.  weight.  In  September,  1879,  an 
angler,  with  a  worm  bait,  captured  in  one  evening  23  lb.  weight  of  char,*  and  as 

*  H.  H.,  wi-Iting  in  Land  and  Water,  observed  of  these  Llanberis  lakes,  that  "  the  fact  is,  the 
lower  lake,  in  which  these  interesting  fish  make  their  home,  is  so  deep,  and  the  bottom  so  rocky 
and  uneven,  that  it  is  impossible  to  net  them,  hence  the  reason  for  netting  them  when  spawning, 
for  in  those  days  there  was  no  close  time  for  char,  but  they  could  be  taken  either  in  or  out  of 
season.  The  Act  of  1873  has  changed  all  this,  and  appointed  a  close  time  for  char  as  well  as  trout ; 
therefore,  it  is  illegal  to  take  char"  or  trout  between  October  1  and  February  1,  which  is  just  a 
month  too  soon  to  be  able  to  net  char  in  this  particular  lake.  But  since  the  Act  of  1873  came 
into  force  (five  years)  the  present  proprietor  of  those  lakes,  like  a  thorough  sportsman,  has  not 
attempted  to  net  char  during  close  time  (it  is  private  property),  although,  as  I  said  before,  it  is 
the  only  time  they  can  be  netted.  The  consequence  is  that  char  are  now  to  be  seen  in  Llanberis 
Lake  in  shoals.  Prior  to  1874  they  were  only  to  be  seen  here  and  there  in  shoals  of  a  score  or  so, 
whereas  they  are  now  to  be  seen  in  hundreds.  What  is  the  cause  of  this  great  increase  of  char  ? 
There  is  only  one  answer,  viz.,  the  preservation  of  the  fish.  Now  for  the  mode  of  angling  for 
those  fish  at  Llanberis.  At  the  commencement  of  last  September  a  gentleman  froni  Llanberis 
went  one  evening  with  his  rod  to  the  upper  end  of  the  lower  lake,  baited  his  hooks  with  worms, 
expecting  to  get  a  large  trout ;  so,  after  testing  his  casting-Hne  and  reel,  he  made  a  cast,  and  in  a 
few  minutes  there  was  a  tug,  then  a  pull,  and  the  fish  was  landed,  but  only  weighed  a  quarter  of  a 
pound.  Fresh  bait,  another  cast,  but  this  time  a  different  tug,  so  he  muttered  to  himself,  '  A  big 
fellow  at  last ! '  However,  when  landed,  there  were  two  fish,  but  instead  of  the  nice  yellow  trout, 
he  beheld  two  red  fish.  He  could  not  understand  it,  but  at  last  exclaimed,  '  Char ! '  and  was  over- 
joyed at  his  new  discovery— viz.,  the  worm  bait.  He  went  on  fishing,  and  landed  during  the 
evening  23  lb.  of  char,  returned  to  Llanberis,  and  found  a  ready  sale  at  one  shilling  per  lb.  The 
news  spread,  and  the  next  morning  there  were  several  anglers  at  work,  and  all  had  good  sport. 
This  continued  until  close  time,  and  some  days  hundreds  of  quarrymen  might  be  seen  fishing, 
some  in  boats,  others  from  the  shore,  some  of  them  taking  as  much  as  45  lb.  in  the  day ;  a  few 
were  also  taken  with  the  fly ;  but  I  am  sorry  to  say  another  mode  of  fishing  has  been  practised — 
viz.,  '  snatching.'  It  appears  at  times  those  fish  are  to  be  seen  in  shoals  on  the  surface  of  the 
lake,  and  as  they  will  not  then  take  a  bait,  bare  hooks  are  thrown  amongst  them  and  suddenly 
snatched,  often  getting  two  or  three  fish  at  a  cast.  It  is  a  great  pity  this  practice  is  not  put  a  stop 
to.  The  char  in  this  lake  are  not  large ;  some  a  quarter  of  a  pound,  but  the  average  is  nine  fish 
to  the  two  pounds." 

R.  H.  B.  remarked  in  The  Field,  January  15th,  1887,  that  "with  regard  to  the  Windermere 
char,  one  wonders  that  it  has  survived  and  multiplied  under  the  surroundings  of  destruction  which 


CHAR— MODES  AND   TIMES   OP   CAPTURE.  235 

soon  as  the  news  f^ot  abroad  many  others  took  to  anpflinj^  for  those  fish,  and  all 
had  good  sport.  This  continued  until  close-time,  and  some  days  hundreds  of 
qnarrymen  mii,'ht  be  seen  fishing,  some  in  boats,  others  from  the  shore,  while  as 
much  as  45  Ib.^a  day  has  fallen  to  the  share  of  one  rod,  a  bait  having  been  almost 
invariably  used,  although  a  few  were  taken  with  a  fly. 

A  correspondent  of  The  Field,  October  28th,  1882,  remarked  upon  night  fishing 
for  char  with  Avell-scom-cd  brandlings  and  line  tackle  in  North  Wales.  All  is 
done  by  feel,  and,  when  a  vigorous  tug  occurs  at  your  line,  the  angler  has  to 
strike  ;  at  the  approach  of  day  the  char  begin  to  bit©  savagely,  as  dawn  com- 
mences the  biting  ceases,  and  the  fish  disappear  as  if  by  magic. 

Respecting  the  Windermere  fishing  for  1881  it  was  remarked  in  Land  and 
Wafer,  November  2Gth,  1881,  that  "  the  char  fishing  was,  as  usual,  very  profitable." 
There  can  be  no  better  ai'gument  in  favour  of  a  close  season  and  protection  than 
the  great  increase  in  the  value  of  the  char  fisheries  since  such  was  applied  and 
protection  aifbrded  to  these  fish.  The  fishing  is  free  to  all,  and  a  great  number 
of  the  natives  on  the  shores  of  the  lake  gain  a  good  livelihood  by  supplying  the 
strangers  and  hotels  with  the  fish.  The  mode  in  which  it  is  generally  carried  on 
by  the  fishermen  as  described  in  The  Field,  is  with  what  is  termed  a  plumb-line. 

Fishing  with  the  plumb-line  usually  commences  about  the  beginning  of  March, 
and  ot  thai  time  the  fish  are  got  about  thirty  yards  from  the  surface  and  in  the 
deepest  parts  of  the  lake.  As  the  weather  gets  warmer  they  gradually  approach 
the  top,  and  although  they  are  frequently  to  be  seen  on  a  warm  day  leaping 
at  the  flies  on  the  water,  yet  it  is  an  almost  unheard-of  thing  on  Windermere  to 
cast  for  them  with  a  rod.  The  plumb-line  for  char  is  made  of  strong  cord,  and 
varies  in  length  according  to  the  number  of  baits  which  are  to  be  put  on  it ;  but 
it  is  usually  between  forty  and  fifty  yards  long,  and  this  is  sufficient  to  carry  five 
baits.  At  the  end  of  the  line  is  a  lead  sinker,  weighing  about  H  lb.,  having  a 
small  wing  fixed  in  it,  which  assists  in  preventing  it  from  revolving,  although  it  is 
fixed  to  the  main  line  with  a  strong  swivel.  To  this  line  is  attached  at  intervals 
of  six  or  seven  yards,  short  lines,  or,  as  they  are  called  by  the  fishermen,  droppers, 
varying  in  length  from  six  to  ten  yards,  the  shortest  being  that  nearest  the 
bottom  of  the  line.  What  is  generally  used  at  Windermere,  is  a  "  phantom  " 
made  by  the  fishermen  themselves,  from  sheets  of  metal  coppered  on  one  side  and 
silvered  or  coloured  on  the  other,  which  can  be  procured  from  any  coppersmith  or 

encompassed  it  for  so  long.  Little  was  known  of  its  habits,  and  because  some  were  ill-conditioned 
and  lean  and  others  well  fed  and  plump,  it  was  long  argued  that  two  varieties  inhabited  the  lake — 
the  case  char  and  the  gilt  char ;  some  even  argued  there  was  a  third  variety — the  silver  char.  We 
had,  at  the  end  of  November,  1862,  Dr.  Glinther  writing  for  specimens  of  the  Windermere  char, 
'  as  they  are  just  now,  and  for  a  short  period  only,  in  season.'  They  were  then  on  the  spawning 
beds  !  and  it  was  when  thus  engaged  that  such  destruction  was  played  upon  them.  There  was  no 
Act  of  Parhament  for  their  protection  ;  they  were  kihed  all  the  year  round,  and  especially  in  the 
late  autumn  and  winter  months,  when  they  came  on  to  the  shallows.  Still  gregarious,  they 
spawned  together  in  infinite  numbers  on  the  gravel  beds  near  the  shore  or  in  the  river  Brathay. 
From  the  beginning  of  November  to  the  middle  or  end  of  January  they  were  netted,  '  hooked 
foul,'  and  caught  with  a  bait  of  salmon  roe  or  worm.  One  net  could  sweep  up  a  whole  school, 
and  three  hooks,  tied  triangle  fashion  and  skilfully  manipulated,  might  account  for  half  a  hundred 
fish  during  a  day.  These  were  the  halcyon  days  for  potted  char.  The  poor  sickly  fish  were  so 
soft  and  tlabby  that  they  could  not  be  eaten  cooked  otherwise.  Some  people  now  cry  out  because 
they  cannot  obtain  this  dainty  as  freely  as  heretofore,  and  say  that  preservation  has  not  made 
char  more  plentiful.  Generations  of  destruction  cannot  be  remedied  all  at  once  ;  but  such  people 
should  be  reminded  that  even  in  1860  char,  when  in  season  during  spring  and  summer,  realized  a 
shilling  each  all  round  at  Bowness,  irrespective  of  their  size.  They  do  not  fetch  more  than  that 
price  now.  The  spawning  habits  of  the  char  have  been  said  to  be  peculiar  ;  but  we  do  not  con- 
sider them  very  much  more  odd  than  those  of  either  Salmo  salar  or  Salmo  fario.  Some  spawn  on 
the  shallows  of  Windermere,  whilst  others  run  up  the  Brathay  for  a  similar  object;  but  neither  in 
Kothay  nor  Troutbeck — both,  to  all  appearance,  likely  breeding  places— do  they  ever  form  their 
redds.  The  Ennerdale  char  spawn  both  in  the  lake  and  in  the  Liza,  a  river  that  is  one  of  its  mam 
feeders.  Most  of  the  char  in  the  Scotch  lochs  spawn  therein,  though  there  are  cases  where  they 
prefer  a  stream  for  that  purpose,  those  of  Loch  Eunick  to  wit ;  and  in  Wales,  too,  they  usually 
seek  the  shallows  of  the  lakes  when  the  period  for  depositing  their  ova  and  milt  approaches.  The 
spawning  season  commences  in  November,  and  continues  more  or  less,  according  to  the  season, 
into  February,  seldom  later ;  and  it  has  been  noticed  that  those  char  which  enter  the  tributary 
streams  are  more  forward  in  their  operations  than  the  fish  that  remain  in  the  lakes." 
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ironmonger.  The  fishermen  cut  them  out  with  a  pair  of  strong  scissors,  shaping 
them  to  their  taste.  A  small  treble  hook  is  put  on  the  phantom,  and  two  yards 
of  strong  gut,  having  at  least  two  swivels,  and  the  remainder  of  the  short  line,  or 
"  dropper,"  may  be  of  fine  cord.  Two  lines  such  as  are  here  described  are  used  in 
fishing  char,  one  on  each  side  of  the  boat. 

Having  reached  the  fishing  ground,  the  boat  must  be  rowed  slowly,  and  the 
sinker  is  dropped  over  the  side,  and  the  line  allowed  to  sink  until  the  dropper 
next  to  it  is  reached,  when  the  main  line  is  temporarily  fixed,  until  the  "  dropper" 
and  phantom  is  put  out ;  the  main  line  is  then  loosened  and  sunk  further,  until 
the  next  "  di'opper  "  is  I'eached  and  put  out,  and  so  on  until  the  whole  line  is  out. 
This  having  been  done,  the  end  of  the  main  line  is  attached  to  the  top  of  a  strong 
rod  (a  young  sapling  does  very  well),  about  foui'teen  or  sixteen  feet  long,  supple 
at  the  top,  but  not  too  much  so,  and  then  the  rod  is  made  to  rest  over  the  stem 
of  the  boat  at  the  side  upon  which  the  line  has  been  put  out,  and  the  butt  end 
securely  fixed  in  the  bottom  of  the  boat.  When  this  has  been  done  the  second 
line  may  be  put  out  at  the  side  of  the  boat,  in  the  same  way  as  the  first  line,  and 
secured  with  a  rod.  Care  must  be  taken  to  have  the  boat  always  moving,  other- 
wise the  lines  will  foul. 

It  would  appear  that  the  preservation  of  char  leads  to  a  substantial  increase 
in  their  numbers,  and  augmentation  in  the  food-producing  property  of  the  lake 
where  such  is  carried  out.  While  these  fishes  are  not  so  very  indifferent  to  bait 
and  flies  as  some  persons  would  lead  tis  to  believe,  the  angler  with  a  bait  appears 
in  most  waters  to  have  more  chance  of  sport  than  the  fly-fisher,  thus  although  the 
char  of  Windei'mere  usually  will  not  rise  to  the  fly,  the  Welsh  torgoch  takes  it 
freely. 

Mr.  Harvie-Brown  observed  respecting  a  chain  of  lochs  in  Scotland  containing 
char,  that  in  one  small,  deep  pool  of  crystal-clear  water  they  are  of  a  larger  size 
than  those  inhabiting  the  lochs  lower  in  the  valley.  In  a  perfectly  dead  calm 
they  rise,  sometimes  freely  to  a  certain  fly,  but  cease  whenever  a  ripple  disturbs 
the  surface.  As  many  as  six  dozen  have  been  taken  by  one  rod  in  a  single  day. 
One  can  see  several  feet  down  into  this  basin  of  pure  water  in  a  calm,  and  perceive 
the  fish  floating  upwards  and  sucking  in  the  fly,  as  they  seldom  dash  at  it  like  a 
trout. 

Char,  says  Mr.  Jackson,  except  for  a  few  weeks  in  the  year  when  they  appear 
to  live  on  flies,  prey  on  all  small  fish  and  capture  them,  even  larger  than  would 
be  sujiposed  possible  by  any  one  who  had  not  taken  (as  I  have)  a  perch  nearly 
two  inches  long  out  of  a  char  about  nine  inches  in  length. 

R.  H.  B.  remarked  of  the  char  in  The  Field,  January  15th,  1887,  that  "  those 
of  other  waters  in  the  North  of  England,  excepting,  perhaps,  Buttermere  and 
Ennerdale,  are  smaller  in  size,  and,  in  place  of  averaging  about  three  to  the  pound, 
vary  in  weight  from  two  ounces  each  to  about  four  ounces.  This  smaller  size  is 
particularly  striking  with  regard  to  the  char  of  Goats  Water  and  Hawes  Water. 
Numerous  enough  in  the  latter,  specimens  of  four  ounces  each  are  rare,  and  the 
usual  average  is  of  from  two  ounces  to  three  ounces.  In  the  other  sheet  of  water 
they  are  smaller  still,  and  fairly  plentiful ;  some  eight  to  the  pound  being  the 
ordinary  size.  From  this  it  may  be  safely  inferred  that,  at  some  time  or  other, 
these  smaller  waters  have  been  artificially  supplied  with  char  from  the  larger  ones, 
which  thus,  as  it  were,  become  acclimatized.  They  can  scarcely  be  said  to  have 
flourished,  for,  failing  to  find  the  minute  larvaa  upon  Avliich  the  char  waxes  fat, 
they  have  degenerated  into  little  lean  creatures,  and  are  to  the  ordinary  char,  just 
wdiat  the  burn  trout  is  to  the  handsome  brown  fellow  from  the  richest  streams. 
Another  interesting  circumstance  in  the  life  history  of  these  small  ill -fed  char, 
is  that  they  rise  to  the  artificial  fly  both  in  Goats  Water  and  Hawes  Water,  far 
more  readily  than  elsewhere  ;  indeed,  they  seldom,  in  late  years  at  least,  are  taken 
from  the  other  English  lakes  by  such  means.  Considerable  numbers  may  be 
caught  on  almost  any  favourable  day  during  the  season  with  rod  and  line 
in  either  Hawes  Water  or  Goats  Water,  thus  a  tendency  to  feed  on  the  surface 
is  shown,  and  similar  remarks  ajiply  to  the  char  of  Loch  Dochart  in  Scotland." 
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CHAR. 
1.     British  Char,  Phite  IX,  fig.  1  and  2. 

Umhla  minor,  Gcsncr,  p.  1201 ;  Willoughby,  p.  196,  t.  N.  7  ;  Ray,  p.  G5.  Salmo 
Lemani  lacus  seu  Umhla,  Rondel,  ii,  p.  IGO  ;  Willoughby,  p.  107,  t.  N.  5  ;  Ray, 
p.  GG  (Gilt  charre).  Charr,  Pennant,  Brit.  Zool.  (Ed.  1770),  iii,  305,  pi.  Ix  and 
(Ed.  1812)  iii,  p.  407,  pi.  Ixi ;  Low,  Fauna  Oread,  p.  23i. 

Salmo  alpimis,  Linn.  Faun.  Succ.  p.  117,  no.  310,  Syst.  Nat.  i,  p.  510  ;  Gmel. 
Linn.  p.  1370;  Bonn.  Enc.  Ich.  p.  1G2,  pi.  Ixvii,  f .  272  ;  Nilss.  Skand.  Faun.  Fisk. 
p.  42G  ;  Jardine,  Brit.  Ass.  vol.  iv,  p.  61  i ;  Giinther,  Proc.  Zool.  Soc.  1863,  p.  8 
and  Catal.  vi,  p.  127 ;  Collett,  Norges  Fiske,  p.  160  ;  Day,  Brit,  and  Irish  Fish,  ii, 
p.  112,  pi.  cxA-ii,  f.  1. 

Salmo  umhla,  Linn.  Syst.  Nat.  p.  511;  Bloch,  t.  ci ;  Gmel.  Linn.  p.  1371; 
Bonn.  Enc.  Ich.  p.  164. ;  Jurine,  Poiss.  Lac  Leman,  pi.  v ;  Agassiz,  Poiss.  d'eau 
douce,  pi.  ix,  x  and  xi ;  Cuv.  and  Val.  xxi,  p.  233 ;  Parnell,  Mem.  Wern.  Soc.  vii, 
p.  308  and  Fish.  Firth  of  Forth,  p.  148;  White,  Catal.  Brit.  Fish.  p.  78; 
Thompson,  Nat.  Hist.  Ii-eland,  iv,  p.  160  ;  Heckel  and  Knerr  Susswasscrf.  p.  285  ; 
Giinther,  Proc.  Zool.  Soc.  1862,  p.  39  and  Catal.  vi,  p.  125  ;  Moreau,  Poiss.  France, 
iii,  p.  530,  f.  207. 

Salmo  salvelinus,  Linn.  Syst.  Nat.  p.  511 ;  Bloch,  t.  xcix ;  Gmel.  Lmn.  p.  1370  ; 
Bonnaterre,  Ency.  Ich.  p.  162,  pi.  Ixvii,  f.  273;  Cuv.  and  Val.  xxi,  p.  246; 
Yarrell,  Brit.  Fish.  (Ed.  3),  i,  p.  241  ;  Giinther,  Proc.  Zool.  Soc.  1862,  p.  38,  1863, 
p.  7  and  Catal.  vi,  p.  126 ;  Blanchard,  Poiss.  France,  p.  444,  f.  115. 

Alpine  charr,  Couch,  Fish.  Brit.  Isles,  iv,  p.  272,  pi.  ccxxvi. 

Salvelinus  alpinus.  Malm,  Bohusliius  Fauna,  p.  540.* 

Variety.     ToRGOCH  OR  Welsh  CnAR.f 

To ?-(70c/i,  Willoughby, p.  196.  Umhla  minor,  Gesner ;  Farrington, Phil.  Trans.  Roy. 
Soc.  1755,  p.  210.  Torgoch,  Pennant,  Brit.  Zool.  1.  c. ;  Bed  Gharre  or  Torgoch,  Ray,  1.  c. 

Salmo  salvelinus,  Donovan,  Brit.  Fish,  v,  pi.  cxii ;  Turton,  p.  104;  Jenyns, 
Brit.  Vert.  p.  428 ;  Yarrell,  Brit.  Fish.  (ed.  1),  ii,  p.  70,  c.  fig.  (ed.  2),  ii,  p.  121. 

Salmo  umhla,  Jenyns,  p.  427. 

Salmo  camhricus,  Giinther,  Proc.  Zool.  Soc.  1862,  p.  49,  pi.  vi  (not  Donovan). 

Salmo  ijerisii,  Gunther,  Ann.  and  Mag.  Nat.  Hist.  1865,  xv,  p.  75,  and  Catal. 
vi,  p.  133 ;  Houghton,  British  Fresh-water  Fishes,  p.  141,  c.  fig.  ;  Day,  Brit,  and 
Irish  Fish,  ii,  p.  112,  pi.  cxix,  f.  2. 

Torgoch,  Couch,  Fish.  Brit.  Isles,  iv,  p.  264,  pi.  ccxxiii. 

Variety.     Windermere  Char. J     Plate  IX,  fig.  2  and  3. 
Charr  of  Windermere,  Willough.  1.  c. ;  Case  charr.  Pennant,  1.  c.  and  Ray,  1.  c. 
Salmo  alpimos,  Donovan,  Brit.  Fish.  pi.  Ixi;    Turton,  Brit.  Fauna,  p.  104; 
Fleming,  Brit.  An.  p.  180. 

*  Wliile  this  work  was  going  through  the  press  I  received  a  copy  of  Dr.  F.  A.  Smith's  mag- 
nificent monograph  on  Salmonidse  (Till  kongl.  Vet.  Akacl.  Inlemnad  den  Jan.  14th,  188G),  m  which 
the  text,  the  elaborate  tables  of  measurements,  and  the  beautiful  plates  are  worthy  of  great  praise. 

t  D.  12-13  (=-/)  I  0,  P.  12,  V.  9,  A.  11-12  (^^^),  C.  21,  L.  1.  125-135,  Vert.  61,  Ciec.  pyl.  3G. 

This  form  has*  moderately-sized  teeth,  pectoral  fin  extending  more  than  half  way  to  the  base 
of  the  ventral.  It  is  said  to  have  170  rows  of  scales  descending  to  the  lateral-line,  and  to  be  a 
smaller  form  than  the  char  of  Windermere.  Numerous  red  spots  on  its  sides,  belly  red  in  the 
adult:  pectoral,  ventral  and  anal  fins  with  white  upper  and  anterior  edges.  Name—Toi^Qch  in 
Welsh  signifies  tor,  "  a  belly,"  and  goch,  "  red."  It  issaid  to  emerge  from  the  depth  of  the  lakes 
seeking  the  shallow^s  for  a  short  period  in  winter.     It  rises  to  a  fly.  •,  „^  ^  - 

X  D.  12-13  ( VrO  I  0,  P.  13-14,  V.  9-10,  A.  11-12  (^^^),  C.  19,  L.  1. 126,  Vert.  59-62,  Cffic.  pyl.  28-44. 

Teeth— oi  moderate  strength,  4  in  each  premaxillary ;  20  in  each  maxillary.  Fjhs— pectoral 
reaches  more  than  half-way  to  the  root  of  the  ventral.  Colours— sides  with  red  dots:  belly  red  : 
pectoral,  ventral  and  anal  with  white  margins.  Scales— Ixova.  118  to  128  along  the  lateral-line, 
and  a  larger  number  (180)  have  been  recorded  in  rows  descending  to  it.  In  an  example  7-2 
inches  long,  from  Windermere,  there  were  10  finger  marks  on  the  left  side  and  11  onthe  right. 
Vertebrte  60  -f  x,  and  13  gill-rakers  on  the  outer  branch  of  the  lower  branchial  arch ;  in  the  two 
males  figured  one  had  33,  the  other  42  Cffical  appendages. 
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Salmo  iimbia,  Jenyns,  Brit.  Vert.  p.  427  ;  Thompson,  Ann.  and  Mag.  1840,  vi, 

p.  430. 

Salmo  WiUughhii,  Gilntlier,  Proc.  Zool.  Soc.  1862,  p.  46,  pi.  v,  1863,  p.  11,  and 
Catal.  vi,  p.  131  ;  Day,  Brit,  and  Irish  Fish,  ii,  p.  113,  pi.  cxvii,  f.  2. 

Salmo  stnianensis,  Gibson-Maitland,  Field,  Oct.  8th,  1881,  p.  516. 

Willoughhys  charr,  Couch,  Fish.  Brit.  Isles,  iv,  p.  262,  pi.  ccxxii. 

Variety.     LocH  Killin  Char.* 

Salmo  hillinensis,  Giinther,  Proc.  Zool.  Soc.  1865,  p.  699,  pi.  xl,  and  Catal.  vi, 
p.  130  ;  Houghton,  Brit.  Fresh- water  Fish.  p.  145,  c.  fig. ;  Day,  Brit,  and  Irish 
Fish,  ii,  p.  113,  pi.  cxviii,  f.  1. 

?  Salmo  arckmis,  Giinther,  Proc.  Zool.  Soc.  1877,  p.  294,  pi.  xxxiii. 

Variety.     Grays  CnAR.f 

Salmo  alpinus,  Dubourdieu,  Hist.  Co.  Antrim,  i,  p.  119  ;  Thompson,  Ann.  Mag. 
Nat.  Hist.  1840,  vi,  p.  448. 

Sahno  timlla,  Thompson,  1.  c.  p.  439  (yomig)  and  Nat.  Hist.  Ireland,  iv,  p.  160. 

Salmo  Grayi,  Giinther,  Proc.  Zool.  Soc.  1862,  p.  51,  pi.  vii,  and  1863,  p.  12, 
and  Catal.  Fish.  Brit.  Museum,  vi,  p.  136  ;  Houghton,  Brit.  Fresh-water  Fishes, 
p.  139,  c.  fig.  ;  Day,  Brit,  and  Irish  Fish,  ii,  p.  114,  pi.  cxix,  f.  1. 

Grays  charr,  Couch,  Fish.  Brit.  Isles,  iv,  p.  267,  pi.  ccxxiv. 

Variety.     CoLES  Char.| 

Salmo  Coin,  Giinther,  Proc.  Zool.  Soc.  1863,  p.  12,  pi.  ii,  and  Catal.  Fish.  Brit. 
Mus.  vi,  p.  138;  Houghton,  British  Fresh-water  Fishes,  p.  138,  c.  fig. ;  Day,  Brit, 
and  Irish  Fish,  ii,  p.  114,  pi.  cxviii,  f.  2. 

Coles  Charr,  Couch,  Fish.  Brit.  Isles,  iv,  p.  269,  pi.  ccxxv. 

B.  x-xi,  D.  12-14  Gs^^o)  I  0,  P.  12-14,  V.  9-10,  A.  11-13  U.^%)  C.  19-21,  L.  1. 
125-145,  L.  tr.  25-31/30-40,  Crec.  pyl.  28-62,  Vert.  59-63. 

*  D.  14  (^-■Vo)  I  0,  P.  13,  V.  9,  A.  13  (t%),  C.  19,  L.  1.  135,  Vert.  G2,  Ctec.  pyl.  41-52. 

Length  of  head  4i,  of  caudal  fin  6^,  height  of ,  body  4^  in  the  total  length,  iyes— diameter 
about  1/6  of  the  length  of  the  head,  2  diameters  from  the  end  of  the  snout,  and  also  ajpart.  Form 
of  preopercle  varies  in  different  specimens  ;  subopercle  mostly  short  and  high.  Maxilla  reaches 
to  behind  the  orbit.  Teeth— smsdl.  Fins — dorsal,  pectoral,  and  ventral  well  developed.  Scales — 
Dr.  Giinther  counts  180  rows  descending  on  to  the  lateral-line ;  in  an  example  examined  there 
were  135  pierced  scales  along  the  lateral-line.  Colours — dark,  sides  with  few  hght  spots.  In  some 
the  anterior  edges  of  the  lower  fins  are  lightly  coloured.  <S'.  arcturus,  Giinther,  the  most  northern 
Salmonoid  recorded  N.  lat.  80°  28'  by  34'  is  differentiated  from  *S'.  killinensis  owing  to  its  being  a 
httle  more  slender  1  Malmgren  (^fv.  Sven.  Vet.  Akad.  Fork.  1865,  p.  534)  remarked  upon  an 
example  of  Salmo  alpinus,  -76  milhm  long,  found  in  a  river  in  Northern  Spitzbergen. 

t  D.  13-14  {ij%)  I  0,  P.  13-14,  V.  9,  A.  12  (§),  C.  21,  L.  1.  125-140,  L.  tr.  31/30,  Csec.  pyl.  37, 
Vert.  60. 

Lower  jaw  feeble.  Teeth— snmW,  4  on  each  premaxillary  and  about  16  on  each  maxillary. 
2^j,is_(lorsal  commences  slightly  nearer  the  snout  than  in  the  other  forms,  the  fin  being  in  the 
centre  of  the  length  of  the  back.  Pectoral  terminates  at  no  great  distance  from  the  ventral :  fins 
well  developed. — Scales — 19  rows  from  the  hind  edge  of  the  adipose  dorsal  fin  downwards  and 
forwards  to  the  lateral-line  ;  25  rows  beween  the  lateral-hne  and  the  base  of  the  ventral  fin  :  125 
to  140  rows  along  the  lateral-line.  Colours — sides  with  orange  dots  :  fins  with  or  without  a  light  edge. 

Thompson  observed  of  the  char  of  Lough  Melvin,  that  "  the  males  are  generally  more  grace- 
fully formed  than  the  females,  and  most  of  them  are  rather  brighter  in  colour,  but  there  is  no 
external  character  so  strikingly  different  as  to  lead  to  a  certain  knowledge  of  the  sex  :  some  of  the 
largest  finned  are  females."  They  are  termed  "fresli-tvater  herrings  "  in  Lough  Melvin.  When 
cooked  the  flesh  is  pale  and  its  taste  insipid.  As  to  their  breeding,  Mr.  Houghton  received  some  from 
Lou"h  Melvin  in  November,  the  males  had  not  parted  with  their  milt,  nor  the  females  with  their  ova. 

I  D.  13-14  {rUto)  1  0,  P.  13,  V.  9,  A.  12  (§),  C.  19,  L.  1. 125-128,  L.  tr.  31/30._  Case.  pyl.  42,  Vert.  63. 

Teeth — very  small,  4  to  6  in  each  premaxillary,  14  to  17  in  each  maxillary.  Fins — pectoral 
not  reaching  nearly  to  the  ventral.  Ventral  and  anal  fins  with  a  narrow  white  anterior  edge. 
Scales — 125  rows  along  the  lateral-line,  and  160  descending  to  it:  IS  rows  between  the  hind  edge  of 
the  adipose  dorsal  fin  and  the  lateral-line :  and  25  from  the  lateral-line  to  the  base  of  the  ventral 
fin.  The  form  of  S.  Colli  appears  to  be  principally  distinguished  from  ,S'.  Grayii  by  the  compara- 
tive shortness  of  its  pectoral  fins.  It  has  been  recorded  from  Lough  Eske  (Esk  or  Yesk,  "a  fish"), 
the  crater  of  an  extinct  volcano,  and  L.  Dan. 
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Length  of  head  -if  to  5^,  of  caudal  lin  G  to  G|,  height  of  body  4^  to  5i  in  tho 
total  length.  J'Jyes — size  depends  niueh  on  age,  sex,  and  natui-e  of  loeality  fiMin 
wheuee  proeured:  usually  situated  just  in  front  of  tlie  middle  of  the  length  of  tho 
head,  from  1]  to  2  diameters  from  the  end  of  the  snout  and  the  same  distauee 
apart.  In  some  the  eomparative  height  of  the  body  is  much  greater  than  in 
others,  and  dependant  on  food,  health,  and  the  vicinity  of  the  breeding  season, 
the  kelts  becoming  emaciated.  The  maxilla  in  some  extends  to  beneath  the  last 
third  of  the  orbit,  in  others  to  beyond  the  vertical  from  its  hind  margin,  while  it 
is  likewise  slightly  more  strongly  developed  in  some  than  it  is  in  others.  The 
lower  jaw  in  some  varieties,  as  tho  torgoch  of  Wales,  may  be  longer  anteriorly 
than  the  upper  jaw  (see  p.  220  ante).  The  opercular  pieces  are  of  as  diverse 
shapes  in  the  char  as  described  in  the  trout,  and  frequently  are  dissimilar  on 
the  opposite  sides  of  the  head,  while  in  old  males  there  may  be  a  concavity  over 
the  occiput.  Teeth — present  in  the  jaws  and  on  the  head  of  the  vomer,  but  none 
along  the  body  of  that  bone.  Fins — dorsal  usually  commences  about  midway 
between  the  end  of  the  snout  and  the  base  of  the  caudal  fin,  in  some  examples  a 
little  neai'er  the  snout.  The  pectoral  and  other  fins  are  of  varying  lengths  in 
accordance  with  locality,  sex,  and  other  varying  conditions.  Scales — small,  and 
a  much  larger  number  of  rows  descending  from  the  back  of  the  lateral-line,  than 
there  are  of  pierced  rows  along  its  whole  extent.  Ccecal  appendages — these  vary 
considerably,  and  in  a  few  examples  have  been  found  as  follows: — in  Loch  Inch 
38  (Thompson)  ;  L.  Rannoch,  28 ;  the  Lakes,  28-44,  Dr.  Giinther  detected  from 
36  to  52,  and  the  smallest  number  in  those  from  Windermere,  36.  From  the  same 
locality  I  possess  examples  with  33-42,  another  with  28,  and  found  the  same 
number  in  a  specimen  received  from  Loch  Rannoch  as  S.  struanensis.  It  is 
evident  they  are  as  inconstant  as  in  the  trout  (see  pp.  199,  216).  Colours — these 
again  vary,  but  as  a  general  rule  the  belly,  prior  to  spawning,  becomes  of  a  scarlet 
or  claret  colour,  while  there  are  usually  some  light-coloured  orange  or  red  or 
black  spots  on  the  body  and  head.  The  front  edge  of  the  dorsal,  ventral  and  anal, 
as  well  as  the  upper  edge  of  the  pectoral,  are  often  of  a  pure  white  or  orange 
colour.  The  variation  in  tints  and  shades  are  not  so  great  in  char  as  in  trout.  In 
some,  the  ventral,  anal,  lower  portion  of  the  pectoral,  and  hind  edge  of  the  caudal 
partake  of  the  scarlet  colour  of  the  abdomen.  In  three  specimens  captured  for  me 
in  Loch  Altnagallach,  in  Sutherlandshire,  June  30th,  1886,  the  belly  in  all  was 
tinged  with  yellowish-pink  ;  paired  fins  with  a  reddish  inner  edge  ;  spots  on  body 
tinged  with  red.  Back,  bluish-purple  glossed  with  gold,  which  faded  gradually 
into  the  belly  ;  eyes  golden.     One  from  Windermere  had  11  par  bands. 

Varieties  in  colour. — "By  such  alone,"  Dr.  Giinther  observed,  "fresh  specimens 
of  Sahno  salveliniis  and  S.  umbla,  of  8.  Grayii  and  8.  Willoughbii,  may  be  always 
distinguished,"  and  in  his  division  of  the  British  species  into  many,  he  divided  it 
first  in  accordance  with  the  development  of  the  jaws  and  size  of  the  teeth,  which 
are  inconstant  characters.  He  then  sub-divided  it  in  respect  to  the  length  of  the 
pectoral  fins  :  but  here  it  is  evident  that  the  question  of  sex,  locality  where 
hatched  and  reared,  and  many  other  local  cii'cumstances,  should  be  taken  into 
consideration.  I  examined  eight  specimens  received  from  the  lakes,  and  found  as 
follows : — All  were  from  8|  to  9  inches  in  length ;  in  two  the  pectoral  extended 
just  half  the  distance  to  the  base  of  the  ventral,  and  in  the  remainder  1-|,  1~\, 
ly^.  If,  2yV,  and  2-^  in  the  interspace,  clearly  showing  that  this  is  not  a  character 
on  which  very  great  reliance  should  be  placed.* 

The  next  subdivision  insisted  upon  was  whether  the  dorsal  fin  contained  13  or 

*  Hamilton,  History  of  British  Fishes,  ii,  1843,  p.  143,  observed  that  "  this  pretty  and  fine- 
flavoured  fish  is  liable  to  great  variation,  and  this  has  rendered  its  synonymy  and  history 
somewhat  confused.  It  was  for  a  time  supposed  that  the  Welsh  char  was  distinct  from  the  char 
of  Cumberland,  Westmoreland,  and  the  Scottish  lakes,  and  they  have  actually  been  described  as 
separate  species  by  Mr.  JenjTis.  Mr.  Yarrell,  too,  at  one  time  favoured  this  view,  but  a  more 
careful  examination  has  led  him  to  the  opinion  that  all  are  referrible  to  one  variable  species.  .  .  . 
The  different  states  and  varieties  are  known  in  this  country  by  the  names  of  Case  Char,  Gilt  Char, 
Eed  Char,  Silver  Char,  &c."  Mr.  W.  Kinsey  Dover,  in  his  recent  Natural  History  of  the  Lake 
District,  considered  there  were  two  distinct  varieties  of  this  fish,  one  the  "  silver  char,"  the 
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14  rays.  Such  an  enumeration,  however,  is  evidently  open  to  uncertainty,  unless 
it  is  taken  into  consideration  and  recorded  Low  many  undivided  and  how  many 
branched  rays  are  present  (see  fig.  36,  p.  163  ante).  The  first  few  which  are 
undivided  are  minute,  one  or  two  may  even  be  wantmg.  Thus  m  the  8  examples 
from  the  same  locality  already  referred  to,  I  found  from  3  to  4  undivided,  and 
9  to  10  divided  rays  in  the  dorsal  fin,  and  similarly  m  the  anal,  3  to  4  undivided 
and  8  to  9  divided  rays.  Moreau,  in  France,  finds  D.  ^*yV,  A.  f:|.  This 
character,  therefore,  is  not  rehable. 

As  to  the  comparative  height  of  the  body,  that  varies  with  sex,  season,  toocl, 
and  condition,  and  cannot  be  otherwise  than  a  very  uncertain  element  in  the 
discrimination  of  a  species. 

Although  the  difference  in  the  size  of  the  scales  has  been  held  as  oneot  the 
most  constant  and  important  characters  in  salmonoids,  one  cannot  resist  the 
conclusion  that  such  a  belief  is  founded  on  error.  Possibly  in  no  family  of  fishes 
are  greater  variations  perceptible  in  the  relative  size  and  number  of  scales  among 

individuals.  t  •     ,i  • 

In  examining  numerous  examples  of  Sahno  font-malts  reared  in  this  country, 
and  counting  the  pierced  scales  along  the  lateral-line,  I  have  found  specimens 
which  have  from  122  to  142 :  but  it  is  in  the  number  of  irregular  rows  which 
descend  from  the  back  to  the  lateral-line  where  the  greatest  diversity  occurs, 
while  it  is  here  some  naturalists  count.  Although  in  8  of  my  British  char 
the  difference  in  the  number  of  pierced  scales  along  the  lateral-line  does  not 
exceed  20,  I  find  from  185  to  235  rows  descending  to  the  lateral-lme,  or  a 
variation  of  60  scales.  Taking  the  whole  of  the  reputed  British  species,  the 
extreme  variation  recorded  is  70  rows.  If,  therefore,  among  8  examples  of 
American  char  received  from  two  localities  I  can  observe  a  difference  in  number 
of  at  least  50  rows  of  scales  descending  from  the  back  to  the  lateral-lme,  the 
extreme  variation  of  70  among  specimens  of  char  obtained  throughout  the  extent 
of  Great  Britain  and  Ireland,  appears  hardly  sufiicient  ground  for  instituting 
distinct  specimens.  Sir  W.  Jardine  considered  that  "  the  northern,  or  Suther- 
land char,"  has  more  elongated  scales  than  the  "southern  char,"  the  scales 
of  which  he  described  as  being  more  orbicular,  but  having  obtained  and  examined 
some  I  do  not  find  such  to  be  the  rule. 

"  The  char  of  Hawes  Water,"  observed  Dr.  Davy,  "  which  is  known  to  feed  a 
good  deal  on  insects,  is  a  small  and  slender  fish  in  comparison  with  the  char  of 
Windermere,  which  feeds  more  at  the  bottom  and  has  a  less  precarious  supply, 
especially  oi  Squillai,  which  abound  in  the  lake.*  The  one  takes  the  artificial  fly 
freely;  the  other— that  of  Windermere— is  rarely  so  tempted  and  seldom_ caught, 
except  by  trolling  with  the  minnow.  In  short,"  he  remarked,  "  so  various  are 
they  that  in  no  two  lakes  do  they  perfectly  agree,  either  in  their  average  size, 
form,  colouring,  or  even  in  their  habits."  In  examining  8  examples  from  the 
above  locality  1  found  the  following  variations  :— D.  -g^_y%,  A.  f^,  L.  1.  118-128, 
Ca3c.  pyl.  (in  three  examples)  28-42.  The  number  of  rows  of  scales  descending 
to  the  lateral-line  varied  from  166  to  180. 

Names.— Charre,  charr  ov  char  :  torgoch,  "red  belly  "  (Wales).  Gally-troul 
"red  bellied  trout"  (Windermere,  Lochleven,  &c.),  while  it  is  also  termed  at  the 
latter  place  gelly-troch  trout  (Lochleven  Angler),  which  is  said  to  signify  a  black 
leech  which  abounds  in  this  loch  and  upon  which  it  feeds.  Red-ivame,  Scotland. 
Tarr-dhearg  and  dearg-hhlian  (Gaelic  in  the  Highlands  of  Scotland).  Miirneen  in 
Galway  and  the  loughs  of  Mayo  in  Ireland  (Wilde).     L'omhre  chevalier,  French. 

In  olden  times  the  credulous  were  instructed  that  three  sons  of  the  Church 
introduced  these  fishes  into  Wales  from  Rome,  and  placed  two  in  each  of  the 
lakes  of  Llanberris,  Llynumba,  and  Trevennyn.     While  those  in  Windermere  and 

other  the  "  "ilt  char,"  the  former  keeping  chiefly  to  the  upper  part  of  the  lake  above  Bowness. 
Continuing  "  Mr.  Braithwaite,  of  Kendal,  who  has  recently  published  a  treatise  on  the  Salmonidffi 
of  Westmoreland,  has  informed  me  that  he  beUeves  in  only  one  species  existing  in  Windermere 

*  Finding  the  stomach  of  the  char  figured  in  plate  ix  rather  hard,  I  opened  it,  but  only 
found  two  stones  which  measured  as  follows  in  inches,  0-3  X  0-3  x  0-2  and  0-2  x 0-2  x 0-1. 
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Coniston,  thon  termed  Thurston  Water,  were  similarly  ascribed  to  the  monks  of 
Furness  Abbey,  who  were  said  to  have  brought  them  from  near  the  Alps.  But 
as  this  legend  attributed  their  introduction  to  only  about  two  centuries  since, 
we  are  met  by  a  statement  which  was  made  three  or  four  years  ago  of  the 
discovery  of  a  MS.  bearing  date  a.d.  1535,  wherein  a  certain  Jacques  Tallour 
was  permitted  "  to  catch  and  tol  the  fayre  fish  charr  in  Wynandermcr,  and  also 
hys  sonne  Gerald,"  but  we  have  no  evidence  of  the  genuineness  of  the  document. 
However,  Isaak  Walton,  in  1G53,  mentioned  the  existence  of  char  in  Winander 
IMere,  and  did  not  refer  to  it  as  being  of  any  recent  introduction. 

Habits. — A  gregarious  and  usually  deep  swimming  fish,  but  in  warm  weather 
coming  nearer  to  the  surface  ;  they  are  mostly  shy  of  taking  a  bait  and  feed 
largely  at  night-time.  The  common  food  of  the  trout  has  been  found  in  their 
stomachs,  while  when  in  confinement  they  can  be  similarly  fed.  They  appear  to 
require  very  pure  and  mostly  deep  water  for  their  residence,  but  are  found  in  some 
Irish  lakes  which  are  not  of  great  depth.  They  feed  upon  aquatic  insects  and 
fish,  and  appear  to  be  most  lively  during  the  night-time. 

They  have  been  observed  to  have  disappeared  from  some  lakes  due  to  the 
entrance  therein  of  poisonous  matter,  as  from  lead  mines,*  but  in  other  localities 
Avhere  no  such  deleterious  substances  have  obtained  access,  as  Loch  Leven,  and 
some  of  the  Irish  loughs,  where  they  have  likewise  disappeared,  it  has  been  sug- 
gested that  such  may  partly  be  dependent  upon  the  diminution  or  disappearance 
of  such  entomostraca  as  previously  formed  their  natural  food.  When  half  or  full 
grown  they  do  not  bear  confinement  well,t  but  may  be  kept  for  a  short  period 
in  troughs  through  which  a  supply  of  water  flows.  Thompson,  in  1835,  observed 
that  they  were  thus  kept  at  Coniston  Water  at  the  hotel  and  sold  at  10*^  a  dozen. 

O.,  in  Lo^ulotis  Mag.  Nat.  Hist,  v,  p.  317,  observed  of  the  Windermere  fish  that 
"  about  the  beginning  of  April,  when  the  warm  weather  comes  in,  they  retire  into 
the  deep  parts  of  the  lake,  where  their  principal  food  is  the  minnow,  of  which  they 
are  very  fond,"  while  they  are  captured  with  spinning  bait. 

As  food. — The  flesh  of  these  fishes  varies  ;  in  some  localities  it  is  pink  in  colour, 

*  It  has  been  stated  to  descend  to  the  sea,  and  it  has  been  asserted  that  some  were  captured 
there  or  at  the  mouths  of  rivers  on  the  Welsh  coast  after  they  had  been  driven  out  of  Llanberris 
by  poisoned  waters.     Further  evidence  on  this  point  is  required. 

Yarrell  asserted  that  in  the  autumn  of  1839  several  char  of  some  half  pound  weight  each  were 
placed  in  Lily  Mere,  a  secluded  sheet  of  water  not  far  from  Sedburgh  in  Yorkshire,  and  the 
property  of  the  Uptons,  of  Ingmire  Hall.  It  was  further  said  that  some  twelve  months  later  two 
of  these  fish,  weighing  2  lb.  each,  were  caught  with  the  tly,  admirably  fed  and  well  shaped,  in  the 
pink  of  condition.  They  were  served  at  the  Queen  Dowager's  table  at  the  Rose  and  Crown 
Hotel,  Ky.  Lonsdale,  where  doubtless  Her  Majesty  was  staying.  A  writer  in  The  Field 
remarked  that  "  the  story  may  be  true  or  not.  Lily  Mere,  from  its  small  size  and  general 
surroundings,  is  not  a  likely  place  in  which  char  would  grow  to  so  very  unusual  a  size  in  so  short 
a  time.  Probably  the  so-called  char  were  nothing  else  than  two  fine  trout  with  which  the  mere 
was  then  v/ell  stocked,  and  is  so  in  a  lesser  degree  at  the  present  day." 

t  "  Some  years  ago  a  number  of  char  were  placed  in  Potter  Fell  Tarn,  some  four  miles  from 
Kendal,  a  sheet  of  water  situate  at  a  great  height  above  the  sea  level,  and  abounding  with  trout. 
Occasionally  a  char  or  two  were  caught  with  the  fly,  and  rigorously  returned  to  the  water.  But 
they  made  no  headway,  and  Mr.  Banks,  the  owner,  tells  me  that  not  one  has  been  caught  for  some 
years.  However,  a  strange  occurrence  following  this  attempt  at  acclimatization  did  take  place. 
Some  twelve  months  after  the  fish  were  placed  in  the  tarn,  an  angler,  below  Burneside,  on  the  Kent, 
took  from  the  river,  with  fly,  a  nice  char  of  half  a  pound  weight.  No  doubt  this  was  an  escaped 
fish  from  the  Potter  Fell,  and  there  is  a  narrow  mountain  beck  which  runs  direct  from  that  tarn 
into  the  Kent.  There  was  no  mistaking  the  identity  of  the  fish,  for  it  was  brought  to  Kendal 
alive,  given  to  Mr.  Banks,  who  returned  it  in  due  course  to  the  place  from  which  it  had  strayed, 
quite  two  miles  away.  The  fact  of  this  fish  taking  an  artificial  fly  in  a  stream  suggests  that  the 
char  might  thrive  if  introduced  into  some  of  our  rivers.  There  is  no  proof  that  it  is  destructive 
to  other  fish,  and  though  its  nature  is  that  of  a  bottom  or  at  least  a  mid-water  feeder,  the 
instances  of  Hawes  Water,  Goats  Water,  and  of  this  one  in  the  Kent,  are  presumptive  proof  that, 
with  altered  conditions,  the  char  adapts  itself  to  circumstances,  and  feeds  freely  at  the  surface  of 
the  water.  The  fact  is,  both  trout  and  char  '  feed '  where  they  find  the  choicest  morsels,  and 
these  so-called  '  bad-rising  '  trout  in  certain  lakes  are  only  such  because  their  epicurean  tastes 
are  better  suited  by  the  food  found  below  the  surface.  In  other  instances  than  the  one  mentioned 
are  char  caught  by  rod  and  line  in  the  streams  flowing  into  or  out  of  the  various  lakes  they 
inhabit,  and  though  usually,  not  always,  stray  specimens,  still  they  ailford  proof  of  the  possibility 
of  the  race  becoming  settled  inhabitants  of  at  least  some  of  our  rivers  "  (R.  B.  h.,  Field). 

10 
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in  others  white  :  at  the  lakes  they  are  in  the  greatest  perfection  from  July 
until  October  :  while  in  Sutherlandshire  they  are  said  to  be  in  best  condition 
during  June  and  July  (Reports  British  Association,  1834),  and  I  have  found  them 
in  that  county  at  this  time  with  a  tinge  of  orange  all  over  the  abdomen.  In  the 
lake  district  those  from  Windermere  are  most  prized,  while  in  Hawes  Water  and 
Goats  Water  they  are  small,  in  poor  condition,  and  generally  of  inferior  flavour. 
Potted  char  has  been  held  in  great  esteem  from  very  early  times,  and  a  writer  in 
The  Field,  October  6tli,  1883,  remarked  upon  having  come  across  a  reference  to 
it  in  one  of  the  earliest  Gazetteers  ever  published  in  England.  It  is  a  small 
duodecimo  entitled  An  Historical  Dictio7iary  of  England  and  Wales,  published 
anonymously  in  London  A.D.  1G92.*  As  they  soon  lose  their  delicate  flavour 
after  removal  from  the  water  they  are  potted  and  thus  considered  a  great  delicacy. 
They  should  be  simply  fried  if  fresh  caught. 

Migrations. — These  may  be  simply  from  deep  to  shallow  water  at  different 
periods  of  the  year,  or  they  may  be  undertaken  at  the  breeding  season  to  reach 
suitable  spots,  or  these  fish  may  disappear  from  one  place  where  they  had  been 
planted,  apparently  owing  to  the  unsuitability  of  the  locality. 

If  we  investigate  the  history  of  the  Lochleven  char  we  find  materials  at  hand 
on  this  subject  respecting  these  fishes  which  are  interesting.     Commencing  with 
Sibbald  in  his  Scotia  Illustrata,  1684,  he  observed  among  the  loch  fish  "  Salme- 
rinus,  An  Trutta  parenchymate  rubro,  the   Bed  Trout  I  "  and  in  his  Kistorij  of 
Kinross-shire,  1710,  he  referred  to  "  the  gelletroch  or  red-womb  trout :  it  hath 
a  small  head  ;  it  is  usually  eighteen  inches  long.     The  speckled  trout :  red- womb 
with    white  fins,   taken  in   October  with  nets  — some    are  reddish  within,  some 
whitish."       Pennant,    Tour   in    Scotland,    1775,    observing   of    Lochleven,    "the 
fishermen  gave  me  an  account  of  a  species  they  called  the  Gaily  Trout,  which  are 
only  caught  from    October  to  Jamiary ;  are  split,   salted    and   dried,  for  winter 
provision  :  by  the  description,  they  certainly  were  our  char,  only  of  a  larger  size 
than  any  we   have  in  England  or  Wales,  some  being  two  feet  and  a  half  long" 
(p.  69).     In  Mr.  R.  Burns  Begg's  Lochleven  Angler  (1874),  it  was  remarked  that 
"  char  seems  to  have  been  by  no  means  uncommon  about  the  commencement  of 
the  present  century,  and  several  of  the  witnesses  (before  Professor  Fleming  and 
the    sheriff    and   jury)    referred   to  them    as    having    been   regularly   taken  in 
considerable  numbers  with  the  net.  .  .  .  The  Rev.  Mr.  Smith,  who  towards  the 
close  of  the  last  century  officiated  as  minister  of  the  parish  of  Kinross  for  upwards 
of  twenty  years,  thus  refeiTcd  to  it  in  his  History  of  Kinross-shire,  1793,  "The 
o-ally-trough  or  char  abound  in  the  loch.  What  is  remarkable  of  them  is  the  size  to 
which  they  often  grow,  some  of  them  weighing  near  2  lb.,  and  they  are  never  known 
to  rise  to  a  fly  or  to  be  caught  with  a  hook  baited  in  any  way  whatever."  The  weight 
here  stated  by  Mr.  Smith  being  the  "  old  pound  "  is  equal  to  nearly  three  modern 
poiands.  ..."  From  some  cause,  which  has  never  been  satisfactorily  ascertained, 
the  char  has  for  a  considerable  number  of  years  entirely  disappeared  from  Loch 
Leven,  not  a  single  specimen   having  been  caught  either  with  rod  or  net  for 
upwards  of  thirty  years.     The  very  '  last  of  the  race  '  is  believed  to  have  been 
caught  with  the  net  in  the   latter  part  of  the  season  of  1837  at  '  the  Old  House 
set,'  near  the  present  Kini'oss  House  Pier"  (pp.  23,  24). 

I  have  already  referred  (p.  218  ante)  how  in  1830,  by  a  system  of  drainage, 
the  depth  of  Loch  Leven  was  reduced  four  feet  and  a  half,  and  that  the  last  of  the 
chars  was  captured  in  1837.     But  even  in  1833  an  old  fisherman,  Peter  Whyte, 

*  The  same  writer  gave  the  following  receipt  for  potting  these  fishes: — "Do  not  wash,  but 
only  wipe  the  fish  with  a  moist  cloth.  Get  a  sieve  basket,  similar  to  those  used  to  convey  fruit 
to  market.  Place  the  fish  in  it,  layer  upon  layer,  sprinkling,  as  you  proceed  with  the  packing, 
coarse  salt  between  each  layer.  They  must  not  be  packed  tight,  so  as  to  allow  the  brine  to  run 
off.  Leave  them  so  for  a  couple  of  days  or  less,  according  to  taste,  some  palates  preferring 
pungency,  others  mildness.  Then  take  the  fish  out  of  the  basket,  wipe  them,  take  off  the  heads, 
and  extract  the  entrails.  Re-pack  them  loosely  in  layers,  applying  spice  and  bay  leaves  to  taste, 
in  a  iDan  or  some  other  baking  utensil.  Cover  the  top  over  with  plenty  of  fresh  butter,  put  the 
pan  in  a  moderately  heated  oven,  and  bake  for  two  hours.  Finally,  take  out  the  pan,  drain  off 
the  surplus  grease,  and,  having  provided  some  clarified  butter,  conclude  the  process  by  potting 
the  fish.    Thus  you  have  a  dish  fit  to  set  before  a  king." 
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asserted  that  these  fish  were  scarcely  to  bo  found,  but  continued  that  thia  had 
happened  before,  and  his  father  liad  tokl  him  that  tliey  liad  been  absent  for  Sfven 
years  at  a  time.  Although  it  has  been  observed  that  they  never  were  very  plentiful 
in  Loch  Leven,  we  have  James  M'Gill's  evidence  that  he  had  seen  two  half-boll 
sacks  filled  with  char  caught  by  poachers  during  the  spawning  season  in  the 
North  Qucich  between  Lethangie  and  Lathro. 

It  would  seem  to  be  by  no  means  unlikely  that  three  causes  have  been  at  work 
to  destroy  these  fishes  from  Loch  Leven:  (1)  indiscriminate  slaughter,  especially 
during  the  spawning  season  ;  (2)  decrease  in  the  depth  of  the  water  of  the  lake 
folloN\°ino-  the  drainage  works,  and  (3)  diminution  of  food  occasioned  _  by  the 
drying  up  of  the  margins  of  the  loch  where  snails  and  other  suitable  nourishment 
was  previously  in  abundance. 

Means  of  capture.— Cliav  are  not  so  sporting  a  fish  as  trout,  being  more 
nocturnal  in  their  habits  and  living  in  deeper  waters.  But  in  some  localities 
they  are  found  feeding  at  the  surface  and  taking  artificial  flies*  or  other  lures.f 
In  Windermere  they  are  netted  in  deep  water,  cuhllcs  being  the  name  applied  to 
these  tishcries.t  R.  B.  L.  in  The  Field  (January  22nd,  1887),  observed—"  All  the 
earlier  fish  appearing  in  the  markets  are  so  taken,  but  as  the  weather  becomes 
milder  (say  towards  Whitsuntide),  the  nets  are  used  in  a  different  manner,  so 
manipulated  as  to  fish  in  mid- water  only,  the  char  having  now  come  nearer  the 
surface.  But  by  far  the  most  important  and  interesting  means  of  taking  char 
here  is  by  means  of  the  plumb-line  {see  p.  235  ante).  .  .  .  The  baits  usually  used 
are  artificial,  pieces  of  metal  silvered  on  one  side,  copper,  red,  green,  or  brown  on 
the  other,  spinning  from  either  the  head  or  tail.  Minnows  can  be  used  in  the 
same  way,  spoon  baits  too,  and  both  the  blue  Phantom  and  Garnet-qiiill 
minnows  have  been  tried  successfully.  Still  the  natives  prefer  the  metal  baits, 
and  the  sizes  used  for  ordinary  trout  are  of  course  the  correct  ones.  Usually  two 
such  lines  as  the  above  are  worked  by  each  boat,  and  the  fisherman  shows 
considei-able  skill  in  his  manipulation  of  them  and  rowing  his  craft  along  at  a 
proper  speed  at  the  same  time— the  latter  is  just  sufficient  to  keep  the  baits 
spinning  and  the  tackle  taut.  The  boatman  knows  the  ground  char  frequent,  and 
the  nature  of  the  bottom  too,  for  should  he  come  upon  rocks  and  weeds  his  tackle 
gets  entangled,  and  a  big  smash  must  almost  inevitably  result.  ...  In  Coniston 
Water,  Bassenthwaite,  Ennerdale,  &c.,  this  fish  is  taken  by  similar  means,_but  in 
smaller  quantities.  In  Hawes  Water  and  Goats  Water,  as  already  stated,  it  rises 
to  the  fly  pretty  freely,  but  it  is  seldom  caught  in  any  other  north  of  England 
lake,  excepting  by  nets  and  with  the  plumb-line.  .  ,  .  In  the  lake  of  Llanberns, 
where  char  are  likewise  fairly  numerous,  they  are  usually  taken  in  nets,  as  they 
are  in  Lough  Esk  (co.  Donegal)  and  in  many  other  waters.  In  The  Field  of 
August  6th,  1883,  a  description  of  a  night's  char  fishing  appears,  the  correspondent 
using  worms  as  bait.  He  appears  to  have  had  good  sport,  fishing  from  a  boat, 
using  two  hooks  properly  baited  about  half  a  yard  apart.  Many  years  ago  char 
were  taken  in  the  English  lake  district  both  with  worm  and  salmon  roe,  but  this 
was  when  they  were  spawning.  I  believe  that  the  char  rising  best  to  the  fly  in 
Scotland  are  those  of  Loch  Doon,  in  Ayrshii-e ;  but  they  also  take  fly  fairly  freely 
in  Loch  Knockie,  Inverness,  during  October;  in  the  TarflT,  Kirkcudbright,  also  late 

*  Mr.  Bantock,  Lochs  and  Bivers  of  Sutherland,  observed  "char  abountl  in  scores  of  the 
Sutherland  lochs,  but  they  are  very  rare  risers  to  the  fly,  and  have  never  been  taken  by  any  other 
lurG." 

t  E.  B.  L.  likewise  observed  that  "  some  thirty  years  or  so  ago  most  of  the  char  fishing  on 
Windermere,  &c.,  was  done  by  means  of  the  '  otter  '  or  '  lath,'  as  it  was  locally  called.  Both  flies 
and  spuming  baits,  natural  and  artificial,  were  attached  to  the  line ;  but,  the  fish  being  near  the 
surface  only  during  the  summer  months,  such  mode  of  fishing  had  but  a  short  season.  It  will  be 
between  forty  and  fifty  years  ago  since  a  Mr.  Spencer,  from  Manchester,  first  introduced  the 
plumb-line  into  the  Lake  district,  no  doubt  his  method  being  an  adaptation  from  the  one  used  in 
mackerel  and  some  other  sea  fishing.  Mr.  Spencer,  a  capital  angler  himself,  had  the  best  of 
tackle,  and  contrived  to  kill  large  quantities  of  char ;  his  success,  season  after  season,  speedily 
induced  imitators,  and  the  plumb-line  did  not  take  long  to  become  established." 

t  Fraser,  On  the  Salmon,  dc,  1833,  p.  71,  remarked,  "  I  find  that  last  season  a  man  having  a 
blaze  of  fir  broom  or  heather  in  the  left  hand  and  a  hoop  or  pock-net  in  the  right,  could  hsh  up 
as  many  (char)  as  a  net  can  do."  i  r  * 
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in  tlie  season ;  in  Cony  Lair,  and  in  Lochs  Ericlit  and  Fruchie.  Borley  Loch,  in 
Sutherlandshire,  is  noted  because  it  contains  no  other  fish  than  smallish  char,  and 
in  Loch  Donle,  it  is  said,  this  fish  sometimes  attains  the  unusual  weight  of  2|  lb. 
In  some  of  the  Irish  loughs  char  have  been  caught  by  anglers  when  salmon 
fishing  with  fly,  and  a  specimen  so  taken  from  Lough  Conn  in  1867  was  the 
means  of  determining  that  char  were  present  in  that  water.  A  similar  remark 
applies  to  a  char  caught  in  Lough  Inagli  about  twelve  years  later,  and  a  writer  in 
ISTo.  604  of  The  Field  says  in  Lough  Moy  they  are  caught  both  in  nets  and  on 
night  lines,  and  in  the  same  paper  of  December  25th  last,  a  correspondent  writes  of 
having  killed  char  with  fly  in  loughs  Ennel  and  Owel,  Westmeath ;  Glendalough, 
Derry,  Clare,  and  in  Connemara,  and  Currane  at  Ballinahinch." 

Breeding. — That  char  may  be  annual  breeders  was  shown  at  Howietoun  where 
a  Loch  Rannoch  male  was  successively  employed  for  this  purpose  in  the  season  of 
1882,  and  again  in  1883,  but  it  died  prior  to  the  season  of  1884.  The  time  of 
breeding  is  from*  about  November  to  February  or  March.  At  this  time,  at  least 
in  Windermere,  their  colours  and  spots  are  more  intense,  the  mouth  and  fins 
become  of  a  dark  yellow  or  orange,  and  they  are  covered  with  a  thick  slime. 
These  fish  form  a  redd  similar  to  salmon  or  trout. f 

Davy  observed  that  the  char  more  commonly  avoids  than  seeks  running  water 
for  the  purpose  of  breeding,  and  that  the  gravelly  and  rocky  shoals  of  the  lakes  it 
inhabits  are  its  favourite  breeding  locab'ties,  rather  than  the  bed  of  a  river 
or  brook  where  the  water  is  in  rapid  motion  (Physiological  Researches,  p.  272). 
Artificially  changing  the  water  daily  has  been  found  sufficient  in  order  to  hatch 
the  eggs  of  these  fish.  He  also  tried  two  lots  of  young  char  from  January  .Slst 
to  April  1st,  one  brood  in  its  globe  was  shut  up  in  a  dark  cupboard,  and  only 
taken  out  for  a  minute  or  two  daily  to  change  the  water  and  give  food.  The 
second  was  kept  in  the  light,  but  no  dilference  in  size  could  be  perceived. 

The  following  is  an  extract  from  The  Field  (March  29th,  1884),  of  an  account 

*  "  The  remarkable  fact  is  reported  from  Transtein,  in  Bavaria,  of  a  number  of  char  {Salmo 
salvellmis)  having  been  captured  from  the  large  char  species  kept  in  the  Koenigsee,  nearBerchtes- 
gaden,  which,  upon  examination,  had  been  found  ready  for  spawning.  About  seventy-six  of  these 
fish,  varying  in  weight  from  6  lb.  to  14  lb.,  have  been  caught  towards  the  latter  part  of  June,  and 
during  the  months  of  July  and  August,  upon  all  of  which,  spawners  and  milters,  the  signs  of 
immediate  spawning  were  clearly  observed.  The  usual  spawning  season  of  the  char,  according 
to  the  classification  of  the  Salmonida,  being  October  and  November,  leads  to  the  question 
whether  there  exist  now  two  species  of  char,  and  how  the  spawning  in  Midsummer  of  some 
of  them  can  be  explained.  The  German  Fishing  Gazette  states  that  the  ova  derived  from  the 
giant  char  fish  lately  caught,  have  been  sent  to  the  fish-hatching  establishments  of  Saint 
Bartholomae,  after  the  young  fry  acquired  from  the  ova  of  the  char  during  the  spawning  season 
of  November  and  December  last,  had  been  first  removed.  The  hatching  of  the  ova  from  the 
summer  spawning  is  proceeding  quite  satisfactorily  at  St.  Bartholomae  and  Transtein."  A 
writer  in  Loudon's  Magazine  of  Nat.  Hist.,  1832,  v,  p.  31G  (signing  himself  O.),  stated,  "Windermere 
is  fed  by  two  streams,  which  unite  at  the  head  of  the  lake,  named  the  Brathy  and  the  Kothay ; 
the  bottom  of  the  former  is  rocky,  and  that  of  the  latter  sandy.  On  the  first  sharp  weather  which 
occurs  in  November,  the  char  makes  up  the  Brathy  in  large  shoals  for  the  purpose  of  spawning, 
preferring  that  river  to  the  Eothay,  probably  owing  to  the  bottom  being  rocky,  and  resembling 
more  the  bottom  of  the  lake  ;  and  it  is  singular  that  those  fish  which  ascend  the  Eothay, 
invariably  return  and  spawn  in  the  Brathay ;  they  remain  in  this  stream  and  in  the  shallow 
parts  of  the  lake  until  the  end  of  March."  Mr.  Braithwaite,  Salmonida  of  Westmoreland,  1884, 
p.  7,  observed  of  the  "gilt  char"  and  "case  char,"  "it  is  well  known  that  they  spawn  at 
diffei-ent  periods  between  the  end  of  September  and  beginning  of  March  "  (p.  7). 

f  Mr.  C.  L.  Jackson,  Land  and  Water,  August  14th,  1884,  observed,  "  I  have  seen  salmon  on 
the  redd,  but  could  not  say  distinctly  how  they  were  working.  Lately,  however,  I  had  a  very 
good  chance  of  watching  char  in  one  of  the  Southport  Aquarium  tanks — a  far  better  opportunity 
than  can  possibly  be  afforded  by  looking  down  upon  a  fish  in  a  river.  We  obtained  a  fine  shoal 
of  char  from  Windermere  at  the  opening  of  the  season  this  year.  Soon  after  they  came,  I  saw 
one  of  them  had  not  spawned,  and  was  busy  making  its  nest.  Its  modus  operandi  was  exactly  as 
described  by  Mr.  Buckland.  It  swam  slowly  down  towards  the  selected  place  as  though  concentrat- 
ing its  energies  ;  when  it  arrived  over  the  spot,  it  threw  itself  partially  on  its  side,  and  dropping  the 
hind  part  of  the  body,  it  gave  several  violent  blows  (three  or  four)  with  its  tail,  scattering  the 
gravel  right  and  left.  The  impetus  of  the  blows  not  only  scattered  the  gravel,  but  drove  the  fish 
upwards  in  a  slanting  direction.  Quietly  allowing  the  force  to  expend  itself,  it  then  turned 
round,  swam  slowly  back,  and  repeated  the  process  time  after  time,  until  it  had  made  quite  a 
large  hole." 
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of  a  visit  paid  by  Dr.  Leitcli,  of  Keswick,  in  1850,  to  inspect  the  "  Char  Dub,"  as 
it  is  called,  in  the  river  Liza : — "  Wo  went  down  the  pastures  by  the  little  river 
side,  circled  by  the  grand  snowy  mountains  ;  the  pillar,  the  steeple,  red  pike,  and 
the  dark  walls  of  abrupt  lugh  land  that  shut  in  the  gleaming  steel  mirror  of 
Ennerdale  lake.  Abont  three  hundred  yards  al)Ovo  the  lake,  Avhere  a  stone  wall 
runs  down  to  the  river  Liza,  is  a  long  'dub'  or  pool,  one  part  of  which  is  very 
deep.  This  is  the  famous  'Ennerdale  Char  Dub.'  The  fish  had  not  yet  gone 
down  (the  25th  of  November),  and  we  saw  the  bottom  of  the  pool  blackened  with 
them.  Many  thousands  certainly  were  thei-e,  and  in  a  proper  light  the  gleam  and 
twinkle  of  their  multitudinous  white-edged  fins  was  a  pretty  and  singular 
spectacle.  As  they  refused  the  red  rag  fastened,  for  want  of  hooks,  to  a  pin,  and 
with  a  thread  flung  by  means  of  a  fishing  rod  into  the  midst  of  them,  wo  took 
means  to  drive  them  downward,  arid  by-and-by  procured  two  or  three  for  the 
artist  (Mr.  Pettitt),  who  had  remained  at  Buttermere  to  paint  one  of  the  char  of 
that  lake.  Small  as  they  looked  in  the  water,  they  yet  were  occasionally  as  large 
as  the  Buttermere  char.  One  or  two  were  eight  ounces,  king  fish,  most  rcsplcn- 
dently  coloured,  red  and  gold  bellied,  fins  with  a  pink  shade  in  the  centre,  shaded 
into  a  brown  ash  hue,  and  edged  with  pearl  colour,  as  they  lay  on  the  grass  fresh 
from  the  stream — a  most  brilliant  and  elegant  creature,  wanting,  however,  the 
regular  white  spots,  '  bedropt  in  hail,'  which  add  so  much  to  the  beauty  of  the 
Buttermere  char.  On  only  one  fine  king  fish  I  observed  some  dusky  red  spots 
below  the  median  line.  Their  form  is  more  like  that  of  the  Welsh  than  Crummock 
char,  not  so  rounded  in  the  outline.  The  ronnal  or  she  fish,  were  much  smaller 
and  poorer  in  colour  than  those  of  Buttermere;  they  were  of  an  ashy,  greenish 
hue,  almost  the  colour  of  the  robin  redbreast's  back,  deepened  by  dai'k  shadowy 
marks.  They  seemed  almost  all  to  have  finished  spawning;  and,  no  doubt,  in  a  few 
days  will  descend  to  the  lake.  In  that  dub  must  be  deposited  millions  of  ova  ; 
and  it  perhaps  might  be  worth  the  while  of  the  owner  to  preserve  them  by  means 
of  a  dam,  or  temporary  breakwater  of  any  kind  above,  from  being  washed  out  of 
the  '  ruds '  by  floods,  while  a  grating  placed  below  might  keep  away  pike  or  other 
fish  likely  to  swallow  the  ova  or  young  before  they  reach  the  lake." 

Diseases  and  causes  of  destruction. — These  are  similar  to  what  are  perceived  in 
trout,  except  that  it  seems  to  be  a  more  delicate  fish  and  requires  deeper  water, 
as  will  be  referred  to  under  the  American  char,  Salmo  fontinalis.  UUs water, 
forty  yeai'S  ago,  was  the  best  angling  lake  in  the  north  of  England.  From  the 
middle  of  April  to  the  middle  of  September,  unless  the  elements  were  decidedly 
adverse,  the  angler  might  be  sure  of  a  fair  basket,  either  with  the  fly  or  with  the 
minnow.  Then  the  fishing  became  very  bad  about  1860.  For  many  years  prior 
to  1860  the  Glenriddiug  mines  were  worked  without  pi'oducing  any  striking  injury 
to  the  fish,  except  to  char,  which,  according  to  the  best  evidence  attainable, 
spawned  principally  in  Grlenridding  Beck.  About  1860  a  weir  was  placed  across 
the  Eamont,  a  little  above  its  junction  with  the  Lowther.  Trout  used  to  descend 
the  Eamont  in  order  to  spawn  in  the  Dacre  and  Lowther.  This  weir  prevented 
those  which  went  up  the  Lowther  returning,  and  it  was  noticed  that  after  that 
period  the  trout  in  that  river  increased  rapidly.  About  this  time  an  increase  from 
the  lead  mines  of  twenty-five  per  cent,  of  debris,  crushed  and  pounded  rock,  was 
discharged  into  the  lake.  Dead  skellies,  rarely  seen,  were  after  this  often  found 
on  the  shore  and  char  appear  to  be  extinct. 

Habitat. — In  Norway  the  red  char  lives  from  a  sea  level  up  to  600  metres 
above  it:  in  the  S.E.  portions  of  the  country  it  is  rare,  in  West  Norway  more 
common  and  captured  in  large  numbers  with  a  fly.  Its  flavour  varies  as  greatly 
as  does  that  of  the  trout,  and  it  appears  to  thrive  best  in  lakes  where  the  tem- 
perature is  somewhat  uniform,  without  bottom  springs  and  not  having  too  large 
an  amount  of  brook-water  flowing  in.  It  extends  to  Great  Britain  and  Ireland, 
France,  Southern  Germany,  and  in  the  clear  lakes  of  the  Alps  of  Upper  Austria, 
Tyrol,  Bavaria,  Switzerland,  also  in  the  Carpathian  lakes  up  to  6000  feet  above 
the  sea. 

The  Orkneys,  at  Hoy  and  Hellier,  also  being  occasionally  captured  in  Loch 
Stennes,  and  three  were  obtained  in  Waas,  in  1832  (W.  Baikie) :  also  from  North 
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Uist  in  tlie  Hebrides.  Examples  from  Sutherlaud shire  are  in  tlie  British  Museum, 
while  Mr.  J.  Harvie-Brown  informs  me  that  there  is  a  char  loch  about  twenty-five 
miles  from  Durness,  on  Ben  Hope,  where  they  are  taken  up  to  Ih  lb._  weight.  At 
Midsummer  they  are  only  known  to  rise  at  one  part  of  the  loch,  on  its  S.E.  side, 
between  the  exit  of  the  stream  and  the  island,  Druck  Doon  (Ayrshire).  In  Sep- 
tember numbers  are  taken  with  both  worm  and  fly.  Mr.  Bantock  says  that  char 
abound  in  scores  of  the  Sutherland  shire  lochs,  and  mentions  the  one  referred  to  on 
Ben  Hope,  and  another  small  loch  (Borley)  near  the  Manse  at  Durness ;  they  are 
also  found  in  the  upper  end  of  Loch  Assynt,  Loch  Altnagallach,  and  another  near 
Oykell.  Thompson  recorded  their  existence  and  obtained  specimens  from  Loch 
Corr,  Loch  Moy,  and  Loch  Killin,  Inverness-shire,  Loch  Tay  and  Dochart,  in 
Perthshire.  Sir  J.  Gibson-Maitland  has  taken  them  in  Loch  Rannoch,  they  are  also 
recorded  from  Loch  Ericht.  Pennant  reported  their  occurrence  in  Loch  Inch,  Wig- 
townshire, and  Thompson  in  Loch  Grannoch,  Kirkcudbrightshire.  Also  an 
example  from  Loch  Bruiach  is  in  the  national  collection.  Black,  1844,  observed 
that  this  fish  had  of  late  years  disappeared  from  Loch  Leven. 

In  England  the  lake  districts  of  Cumberland,  Northumberland,  and  part  of 
Lancashire,  more  especially  in  Windermere,  Keswick,  Crummoch  Water,  Butter- 
mere,  Ennerdale,  Coniston  Water,  Bassenthwaite  lake.  West  Water,  Hawes  Water, 
and  occasionally  one  is  now  found  in  Ullswater ;  the  area  where  char  do  or  did 
frequent  was  estimated  at  35,320  acres.  Windermere,  we  are  informed  (1878), 
is  very  productive,  while  in  Coniston  the  fish  have  been  poisoned  by  the  mines ; 
they  are  also  found  in  Rydal.  In  Windermere  they  are  somewhat  restricted  to 
the  deep  waters,  and  spawn  in  the  River  Brathay,  avoiding  the  Rothay,  which  is 
more  frequented  by  trout. 

In  North  Wales*  this  fish  is  still  found  near  Snowdon,  in  the  Lakes  of 
Llanberris,  Llyn  Cawellyn,  Llyu  Coss-y-gedawl,  Bala  and  Bettew  Eestiniog  in 
Merionethshire. 

In  Ireland.  In  the  county  of  Donegal  it  has  been  taken  in  Lough  Esk 
(Camden),  also  from  near  Dunfanaghy,  probably  Lough  Sessagh,  where  they  are 
still  found  (Templeton),  L.  Gartan,  L.'Kindun,  L.  Shessuch,  L.  Keel  (Thompson), 
and  L.  Derg  (Field,  June,  1879),  L.  Elvyn  (Couch),  and  Lough  Veagh,  while  many 
of  the  Donegal  loughs  which  have  no  appearance  of  a  glacial  origin,  and  in  some 
cases,  at  least,  as  in  the  small  bog  loughs  of  Innishowen,  they  are  nowhere  deep 
(Ogilby).  In  Antrim  from  L.  Neagh  (Duboui'dieu)  :  Thompson  visited  this  place 
in  1834,  and  was  informed  that  none  had  been  captured  for  the  last  ten  years, 
although  twenty  years  j)reviously  they  had  been  abundant.  An  old  fisherman 
explained  the  reason  as  follows  : — "  That  they  once  went  down  the  River  Bann  to 
the  sea  and  never  came  back  again."  In  Monaghan  at  Lough  Eaghish  (incorrectly 
spelt  Esk)  according  to  Templeton,  who  stated  they  had  become  very  rare  and 
were  all  but  extinct.  In  Fermanagh  at  Lough  Melvin  and  L.  Erne  (Thompson), 
Westmeath  in  Belvidere  Lake  (Ball),  loughs  Ennel  and  Owel,  county  of  Cavan  in 
Drumlane  Lake  (Thompson)  ;  in  county  of  Mayo,  Castlebar  (Daniel)  and  Lough 
Conn ;  county  of  Galway  in  Lough  Corrib,  and  L.  Bofin  (Thompson),  Longford 
at  Lough  Nabrach  (Ball),  Connemara  in  Lough  Ourad  (Davy),  and  Lough  Inagh; 
Wicklow  in  Lough  Dan  (Thompson)  and  L.  Lada  (Couch),  Waterford  in  four 
mountain  lakes  (Smith),  Lough  Currane,  County  of  Kerry,  and  at  Inchigeelagh 
in  the  county  of  Cork  (Vyse),  Loughs  Mindorin  and  Minteagh  of  Innishowen 
(Ogilby). 

These  fish  usually  average  about  6  or  4  to  a  pou.nd,  or  in  the  best  water  about 
six  ounces  each  :  but  they  have  been  captured  in  the  lake  district  from  1|  to  over 
2  lb.  and  elsewhere  been  obtained  heavier. 

The  figures  in  plate  IX  are  both  from  Windermere  char  captured  at  the  same 
time,  March  31st,  1887.  No.  2  is  a  male  12  inches  long,  Avith  33  ca3cal  appendages, 
and  nineteen  rows  of  scales  between  the  base  of  the  adipose  dorsal  fin  and  the 
lateral-line.     No.  3  is  likewise  a  male  11'3  inches  long,  with  42  ca^cal  appendages. 


*  It  is  rare  to  find  char  in  Wales  in  situations  under  1500  feet  in  altitude. 
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2.    American  char,  or  Salmo  fontinalis,  Plato  IX,  fig.  1  (Male). 

Sahno  fonfinalis*  Mitchell,  Trans.  Lit.  and  Phil.  Soc.  New  York,  1814,  i, 
p.  435;  Richards.  Faun.  13or.-Amer.  iii,  p.  170,  pi.  Ixxxiii,  f.  1  and  pi.  Ixxxvii,  f.  2 
(head)  ;  Storer,  Report  Fish.  Mass.  p.  106;  Kirtl.  Report,  Zool.  Ohio,  p.  1G9,  and 
Boston  Journ.  Nat.  Hist.  1843,  pt.  iv,  p.  305,  pi.  xiv,  f.  2 ;  DeKay,  Fauna  New 
York.  Fish.  p.  235,  pi.  xxxviii,  f.  120;  Ayros,  Boston  Journ.  Nat.  Hist,  iv,  1843, 
p.  273 ;  Cuv.  and  Val.  xxi,  p.  2GG  ;  Bingelow,  Bost.  Journ.  Nat.  Hist,  vi,  1850, 
p.  49  ;  Giinthcr,  Catal.  vi,  p.  152  ;  Day,  Brit,  and  Irish  Fish,  ii,  p.  119,  pi.  cxx,  f .  1,  2. 

Salmo  hoodii,  Ricliards.  1.  c.  iii,  p.  173,  dose.  part.  (spec,  from  River  Mingan). 

Sahno  7iigrescens,  Rafin.  Tchth.  Ohiens.  p.  45. 

Baione  fonfinalis  and  erythrog aster,  DeKay,  Faun.  New  York.  Fish.  pp.  230, 
244,  pi.  XX,' f.  58  and  pi.  xxxix,  f.  126. 

American  char,  American  trout,  Fontmalis,  and  in  American  works  as  red- 
spotted  troid,  sjJecJcled  trotit,  spotted  troutlet,  hrooTc  trout,  common  hrooh  trout. 

B.  x-xi,  D.  12-13  (J^zy)  I  0,  P.  12-13,  V.  8-9,  A.  10-11  (f:|),  C.  19,  L.  1.  122- 
140,  L.  tr.  36-50/51-63,  dec.  pyl.  25-40,  Vert.  57-62. 

Length  of  head  4|  to  5|  (4|  in  a  male),  of  caudal  fin  6|,  height  of  body  4|  to  5 
in  the  total  length.  Eyes^in  anterior  half  of  head  in  adults — diameter  of  each 
from  4|  to  5  or  5|  in  the  length  of  the  head,  1  to  li  diameters  from  the  end  of  the 
snout,  and  from  1  to  If  apart.  Hind  edge  of  preopercle  regularly  curved  and  with 
a  very  short  but  distinct  lower  limb.  Height  of  operclc  equals  twice  its  greatest 
width ;  height  of  subopercle  equals  half  the  length  of  its  lower  edge  which,  with 
its  hind  margin,  forms  a  regular  cuiwe.  The  form  of  the  various  opercular  pieces 
in  these  fishes  is  liable  to  great  variation,  frequently  due  to  an  apparent  arrest  of 
development ;  this  is  also  seen  at  Howietoun  among  examples  which  have  had 
gill-fever  in  their  infancy,  and  is  considei-ed  to  be  one  of  its  results.  In  one 
example  the  subopercle  differs  on  the  two  sides  of  the  same  fish.  The  maxilla 
reaches  to  beneath  the  hind  edge  of  the  eye,  or  even  a  little  beyond.  Teeth — about 
six  in  a  triangular  band  on  the  hind  edge  of  the  head  of  the  vomer,  but  none  along 
its  body.  Those  in  the  jaws  rather  stronger  than  seen  in  brook  trout  of  similar  size. 
The  head  of  the  vomer  extends  more  than  half-way  along  the  body  of  that  bone, 
and  posteriorly  becomes  somewhat  blunted  with  age  (see  fig.  51).  Fins — the  rayed 
dorsal  commences  slightly  nearer  to  the  end  of  the  snout  than  to  the  base  of  the 
caudal  fin,  its  third  or  fourth  ray  is  the  longest  and  somewhat  exceeds  the  length 
of  the  base  of  the  fin:  ten  branched  rays,  the  last  being  divided  to  its  base,  are  not 
rare.  Pectoral  extends  about  half-way  (in  some  examples  more,  in  others  less)  to 
the  base  of  the  ventral,  which  latter  is  inserted  below  the  centre  of  the  rayed 
dorsal  fin,  laid  flat  it  does  not  quite  reach  the  vent  in  young  fish,  nor  nearly  so  in 
adults.  Caudal  forked  in  the  young,  but  becoming  square  with  age,  similar  to 
what  takes  place  in  the  trout.  Scales — 40  to  49  rows  from  the  lateral-line  to  the 
base  of  the  ventral  fin  :  21  to  26  rows  from  the  hind  edge  of  the  base  of  the 
adipose  dorsal  fin  downwards  and  forwards  to  the  lateral-line  ;  from  185  to  235 

*  In  the  following  pages  I  omit  the  consideration  of  several  forms  which  have  received  names  in 
the  United  States,  as  being  scarcely  subjects  of  sufficient  interest  in  a  popular  work  in  this  country ; 
also,  as  to  whether  the  American  great  lake  trout,  Salmo  namaycusli,  and  its  several  varieties,  is 
or  is  not  identical  with,  or  very  closely  allied  to,  the  S.  fontiiialis,  as  such  will  have  to  be  proved 
or  disproved  by  the  fish-culturists  who  are  able  to  obtain  these  eggs  from  the  former  fish  residing 
in  its  native  home.  Dr.  Giinther  divided  .S'.  namaycuxh,  "  Catal.  Fish.  Brit.  Mus."  vi,  ISGG,  pp. 
X  and  123,  as  a  true  trout  with  teeth  along  the  body  of  tlic  vomer,  from  -S'.  fontiiuiUs,  1.  c.  pp.  x 
and  152,  as  a  char,  with  teeth  on  the  head  of  the  vomer  only.  Again,  in  his  "  Introduction  to  the 
study  of  Fishes,"  1880,  pp.  64.5,  646,  he  reiterates  this,  although  in  the  intermediate  period  the 
error  had  been  clearly  exposed.  Among  various  other  erroneous  statements,  this  mistake  of 
Dr.  Giinther' s  has  been  reproduced  by  the  compiler  of  the  remarkable  article  Scdiiionid(C,  in  the 
present  edition  of  the  Encyclopedia  Britannica. 
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rows  pass  from  tlie  back  to  the  lateral-line.  Colours — greenish  along  the  back, 
becoming  lighter  on  the  sides  and  beneath,  the  whole  being  beautifully  shot  with 
purple  and  gold.  Numerous  round  or  oval  spots  along  the  back  becoming  fewer 
below  the  lateral-line  ;  anteriorly  from  the  head  to  the  dorsal  fin  many  coalesce. 
Red  spots  above,  on,  and  sometimes  below  the  lateral-line.  White  edges  with 
black  bases  to  the  upper  margin  of  the  pectoral  and  the  anterior  edges  of  the 
ventral  and  anal  fins.  Sinuous  bands  of  black  or  rings  on  the  dorsal  fin:  the  upper 
and  lower  edges  of  the  caudal  barred.  During  the  breeding  season  the  male  is 
black  along  the  centre  of  the  belly,  and  on  turning  the  fish  wrong  side  up  this 
appears  like  a  black  central  band  (interrupted  by  the  yellow  margins  of  the 
ventral  and  anal  fins)  with  a  brilliant  yellow  one  along  either  side  of  it.  In  some 
the  sinuous  lines  of  the  back  merely  extend  half-way  down  to  the  lateral-line. 
The  female  is  rather  more  green,  the  sides  lighter,  and  it  is  usually  more  spotted. 
In  the  month  of  May,  1887, 1  was  at  the  South  Kensington  Museum,  and  Mr.  Eden 
showed  me  some  of  these  fish  kept  in  darkish  tanks.  They  were  of  a  lovely 
greenish  purple,  with  two  or  three  rows  of  small  but  intensely  scarlet  spots  below 
the  lateral-line :  the  bands  over  the  back  were  not  well  seen,  but  the  par  marks  were 
distinct  in  nearly  all.  They  were  three-year-olds  and  well  grown.  One  male  was 
so  pugnacious  that  he  had  to  be  confined  in  a  separate  aquarium.  In  these  tanks 
the  water  was  kept  clear,  and  a  tussock  of  grass  with  its  roots  put  in  every  third 
day.*  The  number  of  par  bands  in  the  young  at  Howietoun  vary  between  seven 
and  eleven  or  twelve,  btit  in  some  specimens  they  are  much  broken  up— in  others, 
those  on  the  lower  half  of  the  body  are  intermediate  between  the  lower  ends  of 
those  of  the  upper  half  of  the  body. 

When  the  New  England  States  were  first  peopled  from  Britain  this  fish  was 
called  a  "  trout,"  for  but  few  of  the  early  emigrants  could  have  had  an  oppor- 
tunity of  observing  a  "char,"  and  they  gave  it  the  name  that  most  nearly 
reminded  them  of  a  form  which  existed  in  the  mother-country. 

Mitchell,  who  first  described  it  scientifically  in  1814,  remarked  that  this  fish 
"lived  in  running  waters  only,  and  not  in  stagnant  ponds,  and  therefoi-e  the 
lively  streams  descending  north  and  south  from  their  sources  in  Long  Island 
exactly  suit  the  constitution  of  this  fish.  The  heaviest  Long  Island  trout  that  I 
heard  of  weighed  4^  lb." 

Mr.  Perley,  Catalogue  of  the  Fishes  of  New  Brnnsivich  and  Nova  Scotia,  1851, 
considered  "  that  there  is  but  one  distinct  species  of  the  brook  trout  in  North 
America." 

Without  following  out  the  various  and  interesting  accounts  which  have  been 
given  of  the  Salmo  font  in  alls  in  the  United  States  and  Canada,  I  propose  to  ofi^er 
a  brief  synopsis  of  Mi\  Brown- Goode's  excellent  report  on  the  subject  in 
Scribner's  Game  Fishes  of  the  United  States.  It  has  its  home  between  latitudes 
32^°  and  56°  in  the  lakes  and  streams  of  the  Atlantic  watershed,  near  the 
sources  of  a  few  rivers  flowing  into  the  Mississippi  and  the  Gulf  of  Mexico,  and 
in  some  of  the  southern  affluents  of  Hudson's  Bay.  Its  range  is  limited  by  the 
western  foothills  of  the  Alleghanies,  and  nowhere  extends  more  than  three 
hundred  miles  from  the  coast,  except  about  the  Great  Lakes  in  the  northern 
tributaries  of  which  trout  abound.  At  the  south  they  inhabit  the  headwaters  of 
the  Chattahoochee,  in  the  southern  spurs  of  the  Georgia  Alleghanies,  and 
tributaries  of  the  Catawba  in  North  Carolina.  They  also  occur  in  the  Great 
Islands  in  the  Gulf  of  St.  Laurence,  Anticosti,  Prince  Edward's,  Cape  Breton, 
and  Newfoundland.  They  do  not  appear  able  to  thrive  in  water  warmer  than 
68°  Fahr.,  although  they  have  been  known  to  live  in  swift  running  water  at 
75°.  With  water  below  36°  they  ai-e  torpid  and  refuse  to  feed.  The  identity  of 
the  Canadian  Sea  Trout  and  the  Brook  Trout  has  been  settled  beyond  a  doubt. 
There  are  many  variations  and  local  races  of  these  fish,  the  same  stream  often 

*  Livingston-Stone,  Domesticated  Trout,  ed.  2,  p.  296,  observed,  respecting  this  fish,  that  "  if 
you  want  to  make  the  colours  of  trout  deep  and  dark,  grow  them  over  a  black  muddy  bottom,  well 
shaded.  If  you  want  to  cultivate  light  and  delicate  tints,  grow  the  trout  on  a  light,  open,  gravelly 
bed."  Also,  as  to  shape — "  If  you  wish  to  have  trout  short  and  deep,  grow  them  in  a  deep  still 
pond.     If  you  want  to  have  them  long  and  slim,  grow  them  in  a  shallow  swift  current." 
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contains  dissimilar  forms  and  those  bred  in  ditYercnt  hatcheries  may  easily  be 
distinguislied. 

Tlie  same  author  observed  that  the  Lake  Tront  or  Salmon-Trout,  Salvia 
namaycKsli,  inhabiting  the  chain  of  Great  Lakes  from  Superior  to  Ontario,  as  well 
as  Lake  Chami)lain  and  many  other  smaller  lakes  of  the  United  States  and  of 
British  Amerii-a,  has  as  its  nearest  relative  the  S.  fontinaUs.  The  Lake  Trout 
appears  to  have  undergone  modi ti cations,  being  a  char  not  land-locked,  but  placed 
under  conditions  directly  opposite  to  those  connected  with  those  which  are 
laud-locked.  It  would  perhaps  seem  like  a  hasty  generalization  to  point  to 
jl5\  fontinalis  as  the  form  from  which  the  Lake  Trout  has  been  developed,  but 
one  may  fairly  take  into  consideration  the  fact  that  this  species  alone,  of  all  the 
group  of  Salmo,  is  usually  associated  with  S.  namaycush.  Professor  Brown-Goode 
considers  that  "  the  popular  and  scientific  names  which  have  been  given  to  this 
species  are  due  to  the  wonderful  tendency  of  variation  in  size,  shape,  and 
colouration,  which  this  species,  like  the  Brook  Trout,  exhibits.  Every  lake  in 
which  they  occur  has  its  own  varieties,  which  local  authorities  believe  to  be  quite 
peculiar.  Some  are  black,  some  brown  with  crimson  spots,  some  gray  with 
delicate  reticulations  like  those  of  a  pickerel." 

The  fontinalis  has  been  introduced  from  America  into  this  country,  and  Frank 
Buckland,  Land  and  Water,  1871,  among  other  fish  remarked,  "  American  brook 
trout  brought  over  by  Mi\  Parnaby,  of  Troutdale  Fishery,  Keswick,"  also  in  his 
Natural  History  of  British  Fishes,  1880,  p.  345,  he  remarked,  "  The  first  specimens 
ever  seen  in  this  country  wei^e  sent  to  me  beautifully  packed  with  moss  in  tin 
boxes,  by  some  friends  in  x\merica.  The  parent  fish  were  obtained  from  Lake 
Huron,  in  Canada.  Since  that  time  the  import  of  eggs  of  fontinalis  has  become 
a  regular  business,"  and  Livingston-Stone  obsei-ved  that  in  18G8,*  "one  lot  was 
sent  to  England  to  Mr.  Frank  Buckland,  and  was  favourably  noticed  in  the 
London  Times"  (p.  311). 

Varieties. — DeKay,  Natural  History  of  Neiv  Yorlc,  asserted  that  there  were  two 
distinct  species,  Salmo  fontinalis  and  S.  erythrog aster,  the  first  without,  the  second 
with  red  spots.  A  local  observer  remarked  that  in  its  native  habitat,  it  "  afiects 
every  forest  pond,  with  its  '  runs,'  affluent  brooks  and  larger  rivers,  presenting 
a  large  series  of  varieties  in  colouring,  with,  however,  certain  prominent  mai"ks 
by  which  they  ai'e  always  referable  to  one  species.  In  the  deeper  parts  of  large 
lakes,  it  has  for  company  two  other  species — S.  confinis  and  S.  amethysttis,  both 
much  larger  fish,  S.  confinis  attaining  a  weight  of  20  lb.  Both  are  coarse  fish 
and  bottom  feeders,"  and  General  Hardy,  Land  and  Water,  November  23rd, 
1885,  observed  that  "  of  course,  it  is  subject  to  variation  in  the  brooks,  rivers, 
and  lakes  of  its  extensive  range  (I  have  known  lakes,  separated  by  a  narrow  ridge 
of  a  few  yards  wide,  containing  trout  so  different  in  colouring  and  shape  as  to 
cause  an  impression  of  existing  specific  difference)." 

"  Fish  inhabiting  swift  streams  have  lithe  ti-im  bodies  and  long  powerful  fins ; 
those  in  the  quiet  lakes  are  stout,  short-finned,  and  often  overgrown.  In  cool, 
limpid  brooks,  with  sunlight,  much  oxygen  and  stimulating  food  their  skins  are 
transparent  and  their  hues  vivid  :  in  dark,  sluggish  pools  they  are  sombre  and 
slimy  and  are  called  black  trout"  {Brown-Goode,  Nat.  Hist.  Aquat.  Animals,  p.  500). 

"Mic-Mac"  writing  from  Boston,  in  The  Field,  ATpvil  22nd,  1882,  observed, 
"  One  word  with  regard  to  our  white  trout.  They  certainly  are  not  identical  with 
the  white  trout  of  the  Irish  lakes.  There  has  been  a  great  deal  of  discussion  and 
disagreement  on  the  subject  of  this  fish  ;  but  at  the  present  date  the  best  autho- 
rities seem  to  agree  that  the  sea  trout  of  the  provinces  is  simply  a  Salmo  fontinalis 
that  has  emigrated  into  salt  water,  and  changed  its  colour  by  that  means. 
Anatomically  they  are  identical  with,  externally  they  are  very  different  from,  a 
river  fish — so  much  so  that  the  veriest  tyro  will,  after  a  day's  fishing,  be  able  to 

*  Mr.  Parker  Gilhnore,  Times,  October  28th,  1885,  claimed  to  have  been  the  first  who 
proposed  the  introduction  of  this  fish  into  our  waters  in  1866-67,  and  at  the  termination  of  the 
latter  year  went  to  America,  collected  and  shipped  them  to  this  country  (that  would  have  been 
in  1868),  for  which  he  had  not  only  been  left  a  pecuniary  loser,  but  also  that  he  had  never  been 
credited  with  his  work. 
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tell  at  a  glance  a  i-iver  from  a  sea  trout.  lu  the  early  summer  or  late  spring  tliey 
appear  on  the  coast  of  Nova  Scotia,  New  Brunswick,  and  the  province  of  Quebec, 
running  up  the  St.  Lawrence  in  countless  myriad.  Into  every  'gully'  and  mouths 
of  every  river  or  good-sized  brook  they  crowd,  so  that  I  have  known  of  a  man 
standing  on  the  sand  beach  of  the  gully  at  Pokemouche,  with  a  red  hackle, 
taking  them  just  as  fast  as  he  could  land  them  and  re-cast.  They  run  quite 
even  in  size,  from  1  lb,  up  to  3  lb.,  or  more,  but  averaging  about  1|  lb.  to  2  lb. 
They  are  bright  and  silvery,  showing  some  red  spots,  but  rarely  any  blue, 
and  their  flesh  is  deep  red  and  very  fine-flavoured.  The  motive  for  this 
ajDpearance  of  the  schools  seems  to  be  to  follow  up  the  caplin  that  run  up 
the  rivers  at  this  season  to  spawn.  In  some  of  the  Canadian  rivers  these 
sea  trout  are  found  more  or  less  through  the  summer ;  but,  although  I  have  been 
on  or  near  several  of  the  rivers,  I  have  never  been  able  to  satisfy  myself  that  there 
was  an  autumn  run  of  sea  trout,  that  is  at  spawning  time,  to  be  compared  at  all, 
in  point  of  number  or  regularity  of  time  of  occurrence,  with  the  spring  run.  In 
fact,  I  doubt  whether  they  do  spawn  in  fresh  water ;  and  yet,  if  they  do  not,  it 
would  be  a  most  remarkable  exception  to  what  we  know  of  the  habits  of  the  Salmo 
family.  We  have  here  in  Massachusetts  a  sea  trout  that  is  well  known  on  the 
south  side  of  Cape  Cod,  and  called  by  the  natives  '  salters,'  that  also  ran  up  the 
mouths  of  the  brooks  in  early  spring,  in  this  case  coming  up  after  the  shrimps. 
Although  evidently  of  the  same  family  as  the  i*egular  brook  trout  that  are  caught 
in  the  same  waters,  they  difl'er  from  them  even  more  than  the  Canadian  sea  trout 
do  from  their  river  confreres.  The  main  difference  between  the  latter  lies  in 
colour,  whereas  our  salters  not  only  are  as  silvery  as  a  salmon,  but  their  shape  is 
very  different — they  have  very  small  heads,  are  roach  backed,  very  deep,  and 
weigh  nearly  twice  as  much  as  a  brook  trout  of  the  same  length.  That  they  are 
mox^e  palatable  to  the  gourmet  is  proved  by  the  fact  tliat  they  easily  command  a 
dollar  a  pound  in  the  market,  where  the  others  will  sell  from  37^  to  50  cents. 
Their  flesh  is  very  red,  and  the  firm  flakes  are  separated  by  a  layer  of  fatty  curd., 
such  as  we  find  in  a  fresh-run  salmon  with  the  sea  lice  still  on  him." 

Habits. — Similar  to  our  char  and,  like  it,  appears  to  prefer  deep  water,  ponds 
under  eight  feet  in  depth  being  unsuited.  Is  generally  considei-ed  to  have  great 
roving  propensities,  and  is  not  often  found  rising  to  the  fly  after  having  attained 
a  pound  in  weight.  It  is  somewhat  a  greedy  feeder,  and  when  artificially  fed  will 
often  eat  to  repletion.  A  '^Conservator''  writing  from  Shropshire  to  The  Field, 
remarked  that  he  considered  it  useless  for  turning  into  a  running  water,  as  it 
drops  down  stream,  while  it  does  not  attain  to  the  size  of  our  brook-trout,  and  in 
a  lake  will  not  rise  well  to  the  fly.  He  thought  it  as  bad  as  pike  in  destroying- 
other  fish,  consequently  he  did  not  recommend  it,  although  it  is  excellent  eating, 
and  fights  well  when  hooked. 

It  had  been  observed  at  Howietoun  that  these  fish,  as  well  as  the  trout,  were 
much  more  shy*  on  Sundays  than  on  any  other  day  of  the  week,  and  this  was 
ascertained  to  be  simply  owing  to  the  attendants  on  that  day  being  differently 

*  Mr.  Seth  Green,  superintendent  of  the  New  York  State  Fish  Hatchery,  says  that  in  the 
fish-pond  at  the  hatchery  there  are  5000  large  brook  trout  that  were  all  captured  with  the  fly  in 
unfrequented  streams  and  lakes  of  the  Adirondack  region.  These  trout,  he  says,  have  convinced 
him  that  fish  have  reasoning  powers  and  memory.  When  they  were  hooked  and  reeled  slowly  to 
the  boats,  they  had  time  and  opportunity  to  note  the  form  and  character  of  the  tackle  that  made 
them  prisoners.  They  have  never  forgotten  that.  They  will  follow  Mr.  Green  as  he  walks  about 
the  pond.  Let  him  have  a  walking-stick  and  a  fishing-rod  hidden  behind  his  back,  if  he  reveals 
the  former  to  the  fish,  by  holding  it  over  the  water,  they  pay  no  attention  to  it.  But  the  moment 
he  produces  his  rod  with  the  tackle,  away  they  all  scamper  to  distant  parts  of  the  pond.  Mr. 
Green  says  he  will  permit  any  one  to  cast  a  fly  in  that  pond  to  his  heart's  content,  as  he  is  satis- 
fied that  not  one  of  the  trout  will  come  near  it,  so  vividly  do  they  remember  their  enemy  of  five 
years  ago.  At  a  recent  meeting  at  New  York,  Mr.  Green  stated  that  he  was  trying  to  see  if 
brook  trout  can  be  improved  by  mixing  different  kinds,  since  it  is  known  that  constant  inter- 
breeding of  animals  deteriorates  them  in  size  and  intellect.  Mr.  Green  rather  amused  the 
meeting  by  maintaining  that  fish  had  reasoning  powers,  and  that  he  did  not  see  why  they  could 
not  be  improved  in  point  of  intellect.  "If,"  said  he,  "we  can  breed  a  trout  that  has  sense 
enough  to  avoid  the  nets  of  the  poachers  on  Long  Island,  I  am  under  the  impression  that  some 
clubs  that  I  know  of  would  be  willing  to  give  somebody  a  chrome." 
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dressed*  from  what  they  were  on  Avcck-days.  While  Livington-Stonc  (p.  297) 
advised  that  if  you  wish  to  prevent  a  lot  of  trout  being  hooked  out  in  the  night 
by  poaehers,  they  shouhl  bo  well  fed  towards  evening,  and  tlicn  two  or  thrco 
be  eaptured  by  a  small  hook,  and  after  a  moment  or  two  thrown  back  into  the 
pond.  They  will  create  a  panic  amongst  the  rest,  so  that  there  will  be  no  more 
lishing  that  night  with  a  hook. 

In  the  United  States  wo  are  told  that  this  fish  cannot  thrive  in  water  warmer 
than  G8°  Fahr.,  though  they  have  been  known  to  live  in  swift-running  water  at 
75'^,  but  Brown-Goode  remarks  this  higher  temj)erature  has  been  among  those  in 
fish-cultural  establishments,  and  "  fishes  hatched  in  artificial  ponds  may  probably 
be  inured  to  greater  warmth  than  wild  fishes  can  endure,  and  it  is  doubtful 
whether  the  latter  are  often  found  in  warmer  water  than  G0°  or  65°."  Below  3G^ 
they  become  torpid  and  refuse  to  eat. 

Breeding. — The  eggs,  as  already  remarked,  arc  only  about  half  the  size  of 
those  of  the  brook  trout,  and  although  in  some  localities  it  has  been  observed  to 
deposit  its  ova  earlier  than  the  trout,  it  does  so  mostly  at  about  the  same  pei-iod. 
At  Howietoun  reducing  food  has  been  followed  by  decreased  yield  of  eggs,  and  if 
the  food  is  very  much  diminished  to  prevent  fungus,  such  has  been  followed  by 
temporary  sterility.  A  very  small  amount  of  milt  in  these,  and  I  believe  likewise 
in  the  British  char,  is  sufficient  to  fecundate  a  large  number  of  eggs.f  At  Howie- 
toun the  later  in  the  season  the  eggs  are  obtained  the  larger  seems  to  be  the 
mortality  among  them.  While  fish,  the  first  time  they  breed,  do  not  spawn  quite 
so  soon  as  the  older  ones,  they  have  not  only  a  smaller^  but  a  less  number  of 
eggs  in  proportion  to  their  weight  and  size. 

8  eggs  from  a  4-ycar-old  averaged  0"18  of  an  inch  each  in  diameter. 
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The  redds  are  not  infrequently  found  in  very  shallow  water§  and  for  this 
purpose  they  commence  running  from  about  the  middle  of  September,  but  there 
is  often  a  considerable  difference  as  to  the  time  when  all  spawn,  while  naturally 
they  take  from  five  or  six  to  eight  or  ten  days  in  the  process. 

Milner  in  the  United  States  tells  us  that  at  Waterville,  Wisconsin,  a  pair  of 
these  fishes  had  selected  a  spot  near  the  banks  of  the  stream  where  the  water  was 
about  10  inches  deep.  The  female  had  fanned  the  gravel  with  her  tail  and  anal 
fin  until  it  was  clean  and  white,  and  had  succeeded  in  excavating  a  cavity.  The 
number  of  days  the  eggs  take  incubating  at  Howietoun  in  water  from  43  to  43^ 
degrees  Fahrenheit  is  from  79  to  81. 

Mr.  S.  H.  Ainsioortli  has  compiled  a  table  respecting  the  incubation  of  these 
fish  in  the  United  States,  from  which  I  extract  the  following : — 

Average  temperature 
of  water. 

37-0 

38-5 

39-0 

40-2 

41-0 

42-5 

*  Livingston-Stone,  Domesticated  Trout,  ed.  2,  p.  219,  observed  that  "  their  sensitiveness  to 
colours  is  seen  every  Aveek  at  the  ponds  where  trout  are  domesticated,  especially  when  their 
keeper  changes  a  dark  coat  for  a  light  one,  or  leaves  it  off  altogether.  The  appearance  of  the 
unaccustomed  light  coat  or  white  shirt  will  often  frighten  well-tamed  trout  into  a  panic." 

t  Mr.  M.  informed  me  (April  24th,  1884)  that  late  in  the  season  he  found  some  female  fon- 
tinalis  with  ova,  but  possessed  only  two  males,  one  of  which  was  spent,  and  he  merely  obtained 
about  two  drops  of  milt  from  the  other  for  between  3000  and  4000  eggs :  out  of  these  from  94  to 
96  per  cent,  hatched. 

I  See  Livingston-Stone's  observations  as  to  the  cause  why  the  eggs  of  these  fishes  from  some 
localities  are  smaller  than  in  those  from  others  (p.  2.5  ante). 

§  The  secretary  to  the  National  Fish  Culture  Association  informed  me  (Nov.  4th,  1886)  that 
some  of  these  fish  hatched  in  March,  1885,  from  eggs  received  from  the  United  States,  were 
now  9^  inches  long  (having  been  measured  by  himself)  and  that  between  October  22nd  and  29th, 
47  fish,  males  and  females,  had  already  spawned,  and  between  the  last  date  and  Nov.  1886, 
20  more,  from  which  he  had  obtained  8000  small  eggs. 


No.  of  days  to 

No.  of  days  subsequently 

hatching. 

before  feeding. 

165 

135       . 

77 

121 

109       . 

60 

103 

96 
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verage  temperature 

No.  of  days  to 

No.  of  days  subsequently 

of  water. 

hatching. 

before  feeding. 

43-3 

89       . 

45 

44-0 

81 

45-5 

73 

465 

65 

48-0 

66 

50-0 

47       . 

30 

52-0 

38 

54-0 

32 

Seth  Green's  rule  is  that  these  eggs  hatch  in  fifty  days,  every  degree  warmer 
or  cokler  making  a  diiJerence  of  five  days. 

Hybrids. — These  have  been  made  among  these  fishes  as  observed  (at  p.  49 
ante),  and  will  be  further  referred  to  in  detail. 

Life  history. — Although  when  a  few  months  old  they  do  not  require  such  a 
depth  of  water  as  trout,  and  do  well  kept  indoors  in  rearing-boxes,  it  is  not  so  as 
they  get  older,  when,  should  the  ponds  in  which  they  are  be  too  small,  they  seem 
to  stunt  the  subsequent  growth  of  the  fish.  But,  although  it  is  evident  to  every 
fish-culturist,  that  among  the  same  batch  of  young  fish  of  every  species  of  this 
family,  some  grow  more  rapidly  than  others,  even  when  kept  under  identical 
conditions,  the  cause  of  this  is  not  so  apparent.  Soon  after  these  fish  have 
absorbed  the  yolk-sac,  it  is  common  to  observe  how  the  larger  ones  take  the  best 
spots  and  strongest  current  of  water,  while  the  smaller  ones  congregate  nearer 
the  lower  end  of  the  trough  where  they  will  be  least  interfered  with,  the  conse- 
quence being  that  the  largest  fry  live  where  the  most  food  is  to  be  obtained, 
thus  giving  them  another  advantage  over  their  smaller  and  weaker  brethren. 
Also,  fish  of  different  sizes  keep  together.  Over-crowding  certainly  does  much 
damage  {see  pp.  43-46  ante).  Other  things  being  equal,  such  fish  as  have  the 
largest  supply  of  water  grow  the  fastest,  while  they  do  better  in  moderately 
warm  than  in  cold  water,  and  they  should  be  well  fed.  In  ponds,  unless  the 
food  is  properly  distributed,  some  may  be  insufficiently  fed,  when,  becoming 
weak,  they  do  not  collect  at  feeding  time.  Means  have  to  be  taken  to  obviate 
this  (see  History  of  Hoivietoun,  p.  72) . 

Mr.  Andrews  at  Guildford,  states  that  he  found  that  his  yearlings  ran  from 
8  oz.  to  10  oz.  and  two-year-olds  from  1^  to  2  lb.  each  ;  three-year-olds  averaged 
4  lb.,  and  four-year-olds  go  5|  lb.  to  6|  lb.  (Lavcl  and  Water,  July  22,  1882.) 
Livingston- Stone,  Domesticated  Trout,  -p.  253,  remarked  "  I  have  seen  a  trout 
that  was  reasonably  believed  to  be  but  two  years  old  that  weighed  a  pound,  and 
I  have  seen  one  of  the  same  age  that  barely  turned  the  scales  at  half-an-ounce." 
"  If  you  want  to  dwarf  trout,  keep  them  in  cold  sunless  water,  in  close  confine- 
ment, and  with  little  food,  and  you  will  do  it." 

Diseases. — Seem  to  be  very  amenable  to  Sainolegnia  ferax,  and  it  is  very 
common  to  see  the  opercles  shortened,  apparently  owing  to  having  had  gill-fever 
when  young.  At  Howietoun  many  are  believed  to  suffer  from  enteritis  should 
the  temperature  suddenly  fall. 

In  American  streams  they  are  said  to  generally  disappear  when  the  trees  are 
cut  down,  probably  because  their  constitutions  are  unsuited  to  waters  subject  to 
rapid  changes  of  the  temperature,  although  they  are  able  to  stand  a  considerable 
heat  at  times. 

As  food  are  excellent,  the  flesh  may  be  white,  perfectly  pink,  or  of  a  deep 
red.* 

*  Mic-Mac,  writing  from  Boston  to  The  Field  of  April  22nd,  1882,  observed,  "By-the-bye,  I  see 
that  Mr.  Francis  Francis  speaks  well  of  our  trout,  i.e.,  Salmo  fontinalis,  as  a  table  fish.  If  he 
found  the  ones  he  had,  which  he  says  were  white-meated,  good,  I  only  wish  I  could  send  him  a 
brace  of  good  Cape  '  salters.'  We  do  not  consider  a  white-meated  trout  as  fit  to  eat,  although  I 
have  eaten  some,  when  taken  out  of  a  cool  pool  with  rocky  bottom  and  white  sand  margins,  that 
were  white  in  colour  and  with  white  flesh,  but  yet  sweet  and  palatable.  But  I  think  there  can  be 
no  doubt  that  to  get  them  in  their  perfection  the  flesh  should  be  red,  or  at  least  pink.  We  have 
a  theory  that  feeding  on  shrimps  has  a  great  deal  to  do  with  the  colour  of  the  flesh  ;  it  most 
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Jlahitat. — The  fresh  waters  of  British  North  America,  and  contiguous  jwrtions 
of  the  United  States.  It  has,  during  the  hist  twenty  years,  been  acclimatized  in 
this  country,  and  thrives  in  some  of  tlie  places  wliere  it  has  been  turned  out,  in 
Scotland,  England,  or  Wales,  Although  in  Norfolk  it  has  been  stated  to  have 
done  Avell,  and  grown  twice  as  quiekly  as  the  brook  trout,  this  is  denied,  and 
Mr.  Southwell  informed  me  (December  6tli,  18SG)  "The  renuxrk  i\\a.\j  H.  funtinalis 
'  thrives  well  '  in  Norfolk  (among  other  places)  is  quite  incorrect,  of  all  those 
M'hicli  have  been  introduced  I  doubt  whether  any  survive.  A  few  lake  trout 
turn  u])  now  and  then,  but  I  don't  believe  they  breed,  and  the  only  introduced 
fish  which  has  done  any  good  is  S.fario,  already  a  native  species,  and  even  this 
finds  but  few  of  our  rivers  suitable  for  its  reproduction."  At  Howietoun  it  has 
done  fairly  well,  but  does  not  often  seem  to  live  over  its  fifth  year,  being  very 
susceptible  to  atmospheric  changes  and  needing  deep  water.  In  Mr.  Andrews' 
ponds,  in  Surrey,  it  is  said  to  have  done  well,  while  in  Bagshot  Park  it  is  likewi.se 
stated  to  have  thriven.  But  although  there  are  many  waters  suitable  to  these 
fisli  in  the  British  Isles,  there  are  more  where  it  cannot  be  expected  they  could 
thrive — quantity,  depth,  temperature,  and  purity  having  all  to  be  considered 
(see  how  char  in  Loch  Leven  have  disappeared,  p.  242  ante). 

As  to  the  size  the  Sahno  fontinalis  attains,  we  are  told  that  in  the  Bangely 
Lake,  in  the  U.S.A.,  Mr.  Page,  in  1867,  took  one  10  lb.,  but  they  seldom  exceed 
2  lb.  or  3  lb.,  and  a  5  lb.  one  is  considered  a  monster.  In  August,  1886,  Mr.  F. 
Grote  took  one  at  Meguntic,  Me.,  which  weighed  12|  lb.  Brown-Goode,  remark- 
ing on  these  fish,  observed  that  the  Lake  trout,  ;S'.  namaycush,  sometimes  attaiias 
the  weight  of  120  lb.,  while  the  common  char,  S.  fontinalis,  even  under  similar 
conditions,  never  exceeds  14  lb.  or  15  lb. 

In  one  of  Mr.  Basset's  ponds,  at  Tehidy,  near  Camborne,  in  Cornwall,  Mr. 
Cornish  (Land  and  Water,  May  1st,  1886)  tells  us  that  a  9i  lb.  one  was  captured 
in  April,  1886;  also  that  with  this  species,  "  Mr.  Basset  stocked  his  ponds  some 
nine  years  since.  This  one  was  taken  on  a  ground  line,  but  the  fish  is  said  to  show 
excellent  sport  when  taken  on  a  trolling  bait,  and  it  is  an  exceedingly  voracious 
feeder.  I  apprehend,  however,  that  its  presence  in  a  pond  probably  means  the 
extermination  of  all  common  trout  in  it."  The  Maclaine  of  Lochbuie  has  acclima- 
tized this  fish  in  a  moor  loch  about  1000  feet  above  the  sea,  near  Loch  Uisk,  in 
Mull ;  in  1884,  one  was  captured  2^  lb.  in  weight,  and  they  are  said  to  have 
attained  to  5  lb. 

The  example  figured  Plate  ix,  fig.  1,  is  from  a  male  specimen  9j  inches  long, 
from  the  Howietoun  stock  ponds. 

certainly  has  with  the  flavour.  But  on  the  other  hand,  I  fish  every  spring  a  lake  that  is  up  on 
high  land,  fed  entirely  by  springs,  whose  outlet  runs  into  Lake  Umbagog,  thus  forming  one  of  the 
chains  of  the  head  waters  of  the  Androscoggin,  the  trout  of  which  are  celebrated  throughout  the 
State  of  Maine  for  their  size,  deep  colour,  and  flavour.  In  this  lake,  up  to  five  years  ago,  there 
were  no  fish  of  any  species  except  trout,  and  consequently  they  must  have  fed  on  flies,  the  larva)  of 
water  insects,  &c.  It  used  to  be  poached  through  the  ice  in  winter,  when  the  only  bait  used  was 
live  bait^t.<?.,  minnows,  shiners,  dace,  &c. ;  and  either  from  the  ones  that  escaped,  or  from  the 
fact  that  after  their  day's  fishing  they  put  what  live  bait  they  had  left  into  the  pond,  it  now  is 
quite  full  of  small  fry." 

In  the  Bulletin  of  the  United  States  Fish  Commission,  1882,  ii,  p.  10,  we  are  told  that  in 
America  the  fontinalis  "takes  the  first  rank  as  a  fish  to  be  cultivated  in  ponds,  provided  the 
ponds  are  fed  by  springs  or  cold  running  water.  Ponds  not  possessing  these  qualities  are  unsuited 
for  them." 
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HYBRIDS. 

A  brief  account  of  hybridism  among  fishes,  more  especially  as  observed  in  tbe 
salmon  family,  has  been  already  given  (pp.  46-50  ante),  and  it  has  been  shown 
that  the  existence  of  hybrids  in  this  country  has  been  recorded  for  at  least  the 
last  two  centuries.  But,  nevertheless,  various  authors  now  and  again,  even  at  the 
present  day,  have  ignored  the  labours  of  their  predecessors,  and  while  admitting 
the  existence  of  these  salmonoid  hybrids,  have  boldly  asserted  that  they  were  their 
first  undoubted  discoverers  !  Another  class  has  maintained  that  hybrids  are 
unable  to  breed  (see  p.  49),  for  how  else  could  the  commingling  of  genera  and 
species  be  obviated  ?  Again  we  have  an  intermediate  class,  who,  admitting  the 
existence  and  fertility  of  hybrid  races,  hold  to  the  opinion  that  we  have  yet 
to  learn  through  how  many  generations  such  fertility  can  extend  ;  and  what  will 
be  the  effect  of  interci'ossing  these  hybrids  among  themselves,  or  re-crossing  them 
Avith  one  of  the  original  parents  or  any  pure  breed  ? 

To  partially  solve  some,  at  least,  of  these  interesting  questions,  Sir  James 
Maitland,  F.z.s.,  at  Howietoun,  has  devoted  a  very  great  amount  of  trouble,  and 
gone  to  great  expense  during  the  last  eight  years  or  more,  and  when  carrying  out 
his  experiments  has  given  mo  the  opportunity  of  being  present  while  the  ci'osses 
were  being  made,  jDormitted  me  unlimited  access  to  his  hatching-houses  and  fish- 
ponds, and  has  supplied  me  with  specimens  whenever  I  have  required  them. 
Consequently,  unless  otherwise  expressed,  all  the  following  experiments  were 
made  at  the  private  fish  farm  at  Howietoun  by  the  owner  himself. 

Of  course,  on  obtaining  a  fish  from  a  stream  of  certain  appearance,  it  may 
convey  to  a  competent  naturalist  the  belief  that  it  is  undoubtedly  a  hybrid,  but 
we  require  conclusive  evidence  first  that  such  can  occur  between  two  distinct 
species,  and  secondly  proof  as  to  what  will  be  the  appearance  of  these  hybrids. 
Here  fish  culture  gives  us  undeniable  evidence  that  hybrids  can  occur,  that  they 
are  not  necessarily  sterile,  and  also  what  their  appearance  may  be.  From  these 
we  may  decidedly  recognize  some  forms  by  their  colours,  as  those  between  trout 
and  American  char,  one  of  which  I  received  in  1882  from  Sir  Pryse  Pryse,  of 
Goggerdan,  in  North  Cardiganshire  ;  whilst  we  have  instances  recorded  of  these 
two  species  of  fish  having  been  observed  forming  redds  together  in  this  country* 
when  iu  a  wild  condition,  and  several  anglers  have  informed  me  that  they  inter- 
breed in  the  Wandle  as  well  as  in  Cardiganshire  and  elsewhere. 

If  hybrid  salmonidce  are  to  be  worth  cultivating,  the  first  question  which  arises 
must  be  which  is  the  finest  breed  to  employ,  and  whether  the  size  of  the  parent 
has  any  peculiar  modifying  influence  on  that  of  the  offspring  ?  In  the  British 
Museum  collection  are  very  fine  examples,  some  termed  "  Bull-trout,"  others, 
"  male  salmon."  I  have  never  observed  in  rivers  yellow  bands  on  the  cheeks  of 
any  except  pure  salmon,  but  they  are  distinctly  visible  upon  a  43  lb.  fish  labelled 
"Bull  trout  of  the  Tweed  "  (Giinther,  Brit.  Mits.  Catal.  vi,  pp.  25-28),  while  this 
specimen  has  thirteen  scales  passing  downwards  and  forwards  from  the  adipose 
dorsal  fin  to  the  lateral-line,  and  only  forty-three  cascal  appendages.  In  this  case 
the  question  arises  whether  it  might  not  probably  be  a  hybrid,  and  in  another  fish 

*  During  Christmas  week,  1885,  Mr.  Thomas  Ford  observed  in  a  stream  at  Caistor,  in  very- 
shallow  and  perfectly  clear  water,  a  female  brook  trout  which  had  made  a  large  hole,  and  a  male 
fontinalis.  There  were  half-a-dozen  more  common  trout  in  the  pool,  but  the  fontinalis  drove 
them  all  away,  although  they  were  the  larger  fish.  "When  shooting  its  eggs  the  body  of  the 
trout  was  subject  to  a  tremulous  motion,  whilst  its  back  fin  was  occasionally  out  of  the  water.  At 
times  the  fontinalis  remained  almost  immovable  just  above  the  trout,  but  now  and  then  it  would 
go  completely  over  and  under  the  female  fish.  It  was  quite  evident  that  the  female  trout 
preferred  the  company  of  the  fontinalis  to  that  of  its  own  species.  This  is  the  second  time  that 
I  have  observed  the  crossing  of  the  species  in  a  state  of  nature."  He  watched  it  a  quarter  of  an 
hour  (Field,  Jan.  9th,  1886). 
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4G  inches  long  from  tho  Tweed,  the  cartilaginous  hook  on  the  lower  jaw  is  very 
slightly  developed,  yet  it  was  a  male*  (see  p.  58  ante).  As  I  shall  show  that 
salmon  and  trout  may  interbreed  and  produce  fertile  offspring,  it  would  hecomo 
interesting  to  ascertain  how  such  liybrids  could  be  diilVreutiated  from  the  pure 
races,  and  whether  the  species  which  forms  the  male  or  female  parent  occasions 
pex'ceptible  differences  in  the  young.  I  have  already  shown  cause  for  supposing 
that  iiybrid  salmon  and  trout  do  not  lose  their  anadromous  propensities. 

Hybrid  between  Salmon  and  Lociileven  Trout. 

Day,  Proceedings  Zoological  Society,  1882,  p.  751,  and  1884,  p.  18. 
Maitland,  Ilistori/  of  Hoivietoitn,  188G. 

On  November  25th,  1879,  a  man  arrived  at  Howietoun  with  some  salmon  milt 
wbich  Mr.  Napier,  the  local  inspector  of  fisheries,  had  despatched  the  previous 
evening  from  Stirling  in  a  tightly  corked  soda-water  bottle,  that  had  been  kept 
during  the  night  in  snow,  and  which  seemed  on  arrival  as  if  it  had  been  frozen. 
This  milt  was  employed  for  fertilizing  ova  taken  from  a  four-year-old  Lochleven 
trout,  and  a  few  of  the  progeny  were  successfully  reared  November  14th,  1882  : 
one,  eleven  inches  long,  was  taken  in  my  presence  ;  it  was  a  male  which  I  described 
in  the  P.Z.S.,  1882,  and  likewise  gave  a  woodcut  of  its  head. 

Some  of  these  fish  when  young  were  placed  in  the  island  pond  along  with  tho 
trout,  and  when  that  pond  was  drained  in  my  presence,  November  28th,  1883, 
several  were  obtained  ;  three  of  these  I  sent  to  the  Economic  Fish  Museum  at  South 
Kensington,  one  I  retained  and  examined,  it  also  was  a  male  (see  P.Z.S.,  188i<). 
Several  were  transferred  to  pond  No.  11. 

November  14th,  1884,  on  pond  No.  11  being  drawn,  three  of  the  above  hybrids 
were  captured,  the  lai'gest  being  16|  inches  long ;  they  appeared  to  be  in  good 
health,  but  none  had  shown  any  tendency  to  spring  out  of  tlie  ponds  at  the 
spawning  time.  A  specimen  1  retained  was  eleven  inches  long,  or  similar  to  the 
first  taken  the  previous  year.     They  were  as  follows  : — 

B.  X,  D.  12  (f),  P.  12-13,  V.  9-10,  A.  11  (|),  C.  19,  L.  1.  114-118,  L.  tr.  24-25, 
30-32,  Cffic.  pyl.  62-69. 

In  the  first  the  length  of  the  head  was  4|,  of  pectoral  fin  6|  in  the  total  length, 
while  in  the  second  the  length  of  the  head  was  5|,  and  of  pectoral  fin  7\  in  the 
total  length.  Both  were  males.  Teeth  in  an  apparently  double  row  along  the  body  of 
the  vomer,  and  in  both  twelve  rows  of  scales  were  present  in  a  line  passing  from 
the  adipose  dorsal  fin  downwards  and  forwards  to  the  lateral-line  ;  and  from 
twenty-one  to  twenty-five  from  the  lateral-line  to  the  base  of  the  ventral  fin.  In 
the  first  the  rows  of  scales  in  the  upper  half  of  the  body  were  very  irregular,  and 
in  the  second  in  the  tail  portion  of  the  body.  Colours — on  removal  from  the  w'ater 
silvery,  with  a  rich  purple  gloss,  and  from  six  to  eight  irregularly  placed  rows  of 
black  spots  on  the  fore-part  of  the  body,  decreasing  to  three,  or  even  two,  in  the 
caudal  portion  :  no  par  bands ;  two  to  five  black  sjoots  on  opercle,  one  or  two  on 
pi'eopercle,  some  on  cheeks  and  top  of  the  head.  Lower  two-thirds  of  dorsal  fin 
with  large  black  spots,  and  white  anterior  upper  edge :  the  fins  genei'ally  grayish 
and  darkest  in  the  centre,  the  anal  having  a  light  front  edge.  Generative  organs 
rudimentary. 

Hybr[d  between  Salmon  and  Lochleven  Trout. 


Day,  Froceedings  Zool.  Society,  1882,  p.  752 ;  and  1884.  pp.  19,  376;  and  1885, 
241. 

December  24th,  1881,  about  20,000  eggs  of  Lochleven  trout  at  Howietoun 
were  fertilized  with  salmon  milt  obtained  from  the   Teith.     They  hatched  on 


P 


*  Professor  Flower,  c.b.,  the   obliging  Director  of  the  Natural  History  Museum,    at    my 
request  had  the  example  opened,  and  it  Avas  undoubtedly  a  male. 
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Marcli  9th,  1882,  or  in  75  days.  In  due  course  the  fry  were  removed  to  a  planked 
pond  at  Howietoun,  20  ft.  long  by  5  ft.  wide,  and  1^  ft.  deep.  Through  this  a 
stream  flows,  entering  at  its  upper  and  making  its  exit  at  the  surface  at  its  lower 
end.  On  Nov.  15,  1882,  we  examined  them,  and  the  largest  fish  was  4|  inches 
in  length. 

B.  X,  D.  13  (xV),  P-  13-14,  V.  9,  A.  11  (f),  C.  19,  L.  1.  116-118,  C»cal 
pyl.  61-78. 

The  length  of  the  heads  of  these  hybrids  were  about  i,  and  of  pectoral  fins  from 
5i  to  6f  in°the  total  length  of  the  fish.*  The  maxilla  in  these  fish  extends  pos- 
teriorly^o  beneath  the  hind  third  of  the  eye.  The  preopercle  has  a  distinctly 
oblique  lower  limb  in  no.  1,  but  it  is  less  strongly  marked  than  in  no.  2,  while 
merely  a  simple  curve  exists  in  nos.  3  and  4.  The  cajcal  appendages  were 
examined  in  two,  one  (no.  3)  had  78,  the  other  (no.  4)  had  61:  and  when 
hybrids  between  the  same  parents  show  such  variations,  it  demonstrates  the 
inconstancy  in  the  number  of  these  appendages.  Colours — were  nearly  identical 
in  all,  from  12  to  13  par  bands  and  the  sides  closely  sprinkled  with  small  black 
spots  and  a  few  red  ones  ;  some  black  spots  on  the  head,  while  in  all  the  front 
upper  edge  of  the  dorsal  fin  was  white  with  a  dark  intramarginal  band,t  and 
from  11  to  13  black  spots  on  or  between  the  rays.  In  November,  1883,  three 
more  of  these  fish  were  captured,  which  measm^ed  in  length  5-4,  57,  and 
7-3  inches  respectively, t  while  the  numbers  were  supposed  to  be  about  eight 
hundred.  In  these  three  specimens  the  number  of  par  bands  along  the  sides  varied 
from  10  to  12,  while  the  direction  of  the  rows  of  scales  showed  great  irregularity, 
and  those  between  the  adipose  dorsal  fin  and  the  lateral-line  varied  from  12  to  14. 

On  March  13th,  1884,  these  hybrids,  numbering  212,  the  largest  six  being  over 
10  inches  in  length,  the  majority  smaller,  while  a  few  did  not  exceed  2^  inches, 
and  all  apparently  in  excellent  health,  were  transferred  to  the  octagon  pond  at 
Craigend,  the  diameter  of  which  is  20  ft.,  and  its  depth  4  ft. ;  its  sides  and  bottom 
are  planked,  while  the  stream  which  supplies  it  flows  in  at  about  1  ft.  below  the 

No.  1. 
Inches. 
*  Length  of  example    .         .         .        4-3 
,,  head         ...         0-9 
,,         ,,  pectoral  fin       .         .         0"8 
,,       from  snout  to  base  of  dorsal  1-7 
,,  ,,  ,,  11  caudal  3-8 

Diameter  of  eye  ...        0-2 

From  end  of  snout  .         .         0-25 

Apart 0'3 

Height  of  body  ....         0-8 
t  As  no  white  dark-based  edging  exists  on  the  anterior  superior  edge  of  the  dorsal  fin  in  the 
Lochleven  trout  bred  at  Howietoun,  but  is  present  in  most  burn-trout,  this  forms  another  Imk  m 
the  chain  of  facts,  that  these  two  forms  of  trout  are  merely  varieties  of  one  species. 


No.  2. 

No.  3. 

No.  4. 

Inches. 

Inches. 

Inches. 

3-4 

41 

4-0 

0.7 

0-8 

0-8 

0.6 

0-6 

0-6 

1-4 

1-7 

1-6 

3-0 

3-6 

3-4 

015 

0-2 

0-2 

0-2 

0-2 

023 

0-27 

0-3 

0-3 

0-65 

0.7 

0-7 

No.  1. 

No.  2. 

No.  3. 

Inches. 

Inches. 

Inches. 

Length  of  example 

. 

.     7-3 

5-7 

5-4 

,,         ,,  head    . 

^ 

.     1-6 

1-2 

115 

,,         ,,  pectoral  fin     . 

, 

1-05 

10 

0-9 

,,         ,,  caudal  fin 

, 

1-3 

0-9 

0-9 

,,        from  snout  to  base  of  dorsal  fin 

2-8 

2-2 

2-2 

,,    caudal  ,, 

.     6-2 

4-9 

4-6 

Diameter  of  eye  . 

. 

.     0-3 

023 

0-25 

From  end  of  snout 

.     05 

0-33 

0-3 

Apart 

.     0-6 

0-4 

0-4 

Height  of  body    . 

.     1-5 

1-2 

1-0 

Specimen  No.  1,  had  the  teeth  in  a  double  row  along  the  body  of  the  vomer,  scales  in  irregular 
rows  in  places,  the  upper  two-thirds  of  the  body  spotted  with  black,  some  large  red  spots  along 
the  lateral-line,  three  black  spots  on  the  opercle  and  a  fourth  at  its  upper  corner,  one  on  pre- 
opercle, twelve  par  bands  along  either  side.  Dorsal  fin  gray  with  a  white  edge  at  its  upper 
anterior  margin,  the  lower  half  of  the  fin  spotted  with  black  ;  adipose  dorsal  orange  with  a  gray 
front  edge.  Specimen  No.  2,  nearly  similar  but  a  little  more  yellow,  and  with  ten  par  bands  on 
one  side,  twelve  on  the  other.  Specimen  No.  3,  had  ten  par  bands  on  one  side  and  eleven  on  the 
other,  many  red  spots  on  the  body. 


HYBRIDS— SALMON  AND  TROUT.  2o7 

surface  and  passes  out  at  the  lower  ciul  at  the  same  level.  This  sti-eam  rises 
from  sprinns  about  half  a  mile  away,  and  before  reachinp^  the  octa<>:on  pond 
i^oes  through  the  two  100  ft.  ponds,  which  are  stocked  with  Lochleven  year- 
Fino's,  consc(iuently  anything  deleterious  in  the  water  must  first  affect  these 
small  fish. 

On  one  G^  inches  long  being  removed,  on  Aug.  2Gth,  when  it  was  about  twenty- 
nine  months"  old,  it  was  found  to  be  a  female,  but  sterile.  The  dorsal  fin  had 
three  rows  of  black  spots  along  its  lower  half.  On  Nov.  14th,  a  net  was  [)ut  into 
this  pond,  and  the  specimen  10  inches  long,  which  outwardly  looked  most  likely 
to  prove  fertile,  removed;  it  was  a  sterile  male.  On  Feb.  12th,  1885,  one 
9^  inches  long  was  captured  with  a  fly,  to  which  it  rose  well.  Its  dorsal  fin  was 
spotted,  there' were  7. large  black  spots  on  the  opercles  on  the  right  side,  and  8  on 
those  of  the  left ;  a  row  of  red  spots  along  the  lateral-line,  and  a  second  above  it. 
A  slight  appearance  of  par  bauds  was  still  visible.  The  fins  anteriorly  were 
white  edged. 

These  fish  did  not  attempt  to  spring  out  of  the  pond  until  May,  1885,  or  wheu 
thirty-eight  months  of  age,  and  in  a  similar  manner  to  smolts  when  becoming 
grilse.  On  May  24th,  one  which  was  found  dead  was  opened,  and  proved  to  be  a 
female  with  the  eggs  developing,  and  w-hich,  had  it  lived,  would  evidently  have 
bred  that  winter. 

In  June,  1885,  the  water  in  the  Craigend  burn  which  supplies  this  pond,  became 
very  low,  although  during  that  month  it  never  quite  ceased  flowing.  That  in  the 
pond  became  so  discoloured,  it  was  impossible  to  see  the  fish  unless  they  came  to 
the  surfi^ce,  and  their  existence  could  only  be  demonstrated  by  throwing  a  very 
little  food  in,  when  they  rose  to  take  it. 

On  July  3rd,  a  slight  shower  occurred,  but  rain  still  held  off,  and  the  fish 
appeared  to  be  livelier  than  they  had  been  for  several  days  previously,  and  when 
fed  at  6.30  p.m.,  some  of  them  jumped  quite  out  of  the  water  at  the  little  food 
thrown  to  them.  The  temperature  at  the  surface  was  64°,  and  experiments  made 
since,  show  that  it  is  2°  colder  at  the  bottom.  On  July  4th,  at  8.30  a.m.,  on  Mr. 
Thompson,  the  manager,  going  to  feed  these  fish,  one  was  observed  dead  on  the 
surface,  while  none  of  the  others  could  be  seen  to  move.  The  water  was  at 
once  drawn  off,  in  order  to  shift  any  that  might  chance  to  be  alive,  but  only 
two  were  found  to  be  so,  and  142  were  dead.*  Some  appeared  as  if  they  had 
succumbed  more  than  twenty-four  hours  ;  the  two  which  remained  alive,  subse- 
quently quite  recovered,  and  were  put  into  another  pond.  The  largest  of  the 
hybrids  was  13^  inches  long,  and  weighed  just  over  one  pound.f 

In  both  examples  the  maxilla  reached  to  beneath  the  hind  edge  of  the  eye : 
there  were  in  one  eleven,  in  the  other  twelve,  rows  of  scales  between  the  adipose 
dorsal  fin  and  the  lateral-line.  Eggs  small,  but  very  distinct  in  both,  as  if  the 
fish  would  have  bred  during  the  ensuing  season  ;  in  no.  2,  in  which  the  ova  were 
largest,  they  measured  O'l  of  an  inch  in  diameter.  It  should  be  mentioned  that 
in  the  100  foot  ponds  above  the  one  in  which  these  fish  died,  none  of  the 
Lochleven  fry  succumbed. 

The  cause  of  this  unfortunate  termination  of  a  most  interesting  experiment 
must  probably  be  sought   for  in  the  size  of  the  pond  and  insufficiency  of  the 


Two  examples  gave  the  following  results  :- 


No.  1,  No.  2, 

in  inches.  in  inches. 


Length  of  example  .  .  .        10'4        .        .        10-1 

„  head        .  .  .  1-9        .        .  1-8 

,,        ,,  pectoral  fin  .  .  1-5        .        .  l'"> 

„  tail  .  .  .  1-4        .        .  1-3 

,"        „  eyes         .  .  .  04        .        .  0-375 

Eyes  apart    .  .  .  •  ^'^         "        '  nl 

,,     to  end  of  snout  .  .  0-G        .        .  0& 

+  Mr  Thompson  observed  (July  10th,  1885),  that  among  these  dead  fish  "  there  were  more 
males  than  females,  1  think,  but  there  were  a  good  many,  I  was  not  quite  sure  of  their  sex 
(apparently  barren),  as  in  most  hybrids  :  some  bore  resemblance  to  the  male  parent  and  some  to 
the  female,  these  last  were  fattest." 
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amount  of  ruuning  water  to  carry  enough  air  in  solution  to  equal  the  requirements 
of  the  fish.  Temperature  alone  can  hardly  be  the  reason,  because  that  of  the 
water  in  the  Howietoun  ponds  on  the  same  day  was  66° ;  but  there  the  supply, 
coming  down  the  burn  from  Loch  Coulter,  was  ample.  The  foregoing,  however, 
proved  one  fact,  that  fertile  female  fish  may  be  raised  by  hybridizing  the  eggs 
of  trout  with  the  milt  of  salmon  par:  that  females  so  raised  may  breed  in 
their  third  or  fourth  season,  similarly  to  salmon,  but  later  than  in  the  generality 
of  trout. 

One  of  the  fish  that  survived  was  a  male,  employed  Nov.  6th,  1886,  to  fertilize 
3000  Lochleven  trout  eggs  :  on  January  25th,  1887,  about  80  hatched,  and  on  June 
27th  the  lot,  numbering  55,  were  put  into  pond  no.  2  at  Howietoun;  they  were 
strong,  and  from  1^  to  If  inches  in  length. 

The  other,  also  a  male,  was  likewise  employed  on  Dec.  5th,  1886,  for  this 
l^urpose,  to  fertilize  7000  eggs  of  a  Lochleven  trout,  but  on  Feb.  27th,  1887,  only 
one  or  two  hatched.  But  these  instances  proved  that  this  class  of  hybrids  may  be 
fertile.* 

Hybrids  between  Lochleven  trout  and  Salmon. 

December  27th,  1884. — Seven  thousand  ova  from  a  Teith  salmon  were  milted 
from  a  Lochleven  trout,  and  about  5000  hatched  in  the  old  house  on  March  11th, 
or  after  incubating  75  days.  There  was  a  great  mortality  from  when  they  had 
attained  to  a  month  old  and  continuing  up  to  the  time  of  feeding,  many  being 
weak  and  dropsical.  June  30th,  1885,  about  2000  were  transferred  to  pond  4  ; 
Feb.  22nd,  1887,  about  1000  remain,  and  they  look  very  well,  they  have  13  par 
bands,  a  white  edge  to  dorsal  and  anal  fins,  and  a  slight  one  to  the  ventral.  Not 
many  red  spots.  One  measured  5|  inches  long.  March  1st,  787  were  shifted  to 
pond  no.  7,  the  largest  being  from  seven  to  eight  inches  long,  but  several  were 
merely  from  two  to  three  inches  in  length. 


Hybrids  between  Salmon  smolts  and  Lochleven  trout.t 

Day,  Froc.  Zool.  Sue.  1885,  p.  242. 

November  11th,  1884. — About  12,000  eggs  of  the  Lochleven  trout,  having  an 
average  diameter  of  0-21  inches,  were  milted  from  three  male  Howietoun-bred 
smolts,  the  largest  of  which  was  twelve  inches  long  and  the  shortest  ten  inches, 
all  being  silvery,  but  showing  the  remains  of  par  bands.  The  following  were 
the  number  of  eggs  picked  out  as  dead  : — November  34,  December  28,  January 
25,  while  2295  were  found  to  have  escaped  impregnation.  The  rest  hatched 
January  28th,  1885,  or  in  78  days,  but  between  then  and  February  25th  about 
1000  died,  for  although  the  alevins  looked  well  for  the  first  three  weeks  (except 
that  their  eyes  were  rather  small),  a  large  percentage  then  showed  signs  of 
deficient  vitality,  the  yelk-sac  did  not  absorb,  the  young  fish  became  dropsical, 
and  nearly  2000  died.  On  June  19th  about  5000  were  transferred  to  pond  no.  1 
at  Howietoun,  along  with  some  similar  hybrids.  In  all  these  fish  the  adipose 
dorsal  fin  was  lead-coloured.  On  July  26th,  1886,  1260  fish  were  shifted  from 
no.  1  to  no.  8  pond,  and  on  October  12th  one  which  was  measured  was  Sj  inches 
in  length.  July  5th,  1887,  another,  taken  with  a  landing  net,  measm-ed  ten 
inches. 

*  At  p.  103  I  have  already  recorded  how  100  eggs  from  a  dead  or  dying  grilse  were  milted 
Nov.  7tb,  188-1,  from  a  male  Lochleven  trout,  and  eighteen  hatched  January  23rd,  18S5,  or  in  77 
days;  seven  remained  July  4th,  1885,  and  were  put  with  hybrids  of  the  same  description  into  pond 
no.  4. 

t  On  the  same  day  about  800  eggs  of  Lochleven  trout  were  milted  from  three  Howietoun 
raised  pars  and  smolts.  A  fair  number  hatched  on  February  Stli,  or  in  90  days,  but  subsequently 
many  succumbed  to  dropsy.  June  19th,  1885,  about  400  were  shifted  to  pond  no.  1  at  Howietoun, 
along  with  some  other  similar  crosses. 
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Hybrid  between  Salmon  par  and  Lochleven  trout. 

Day,  rrococdlngs  Zool.  Soc,  1884,  pp.  40,  370,  and  1885,  p.  241. 

November  29th,  1883.— About  4500  eggs  were  obtained  from  a  Lochleven  trout 
which  had  been  hatched  early  in  1875,  and  these  were  milted  from  a  par  of  the 
salmon  whirh  had  been  hatched  in  March,  1881,  consequently  was  32  montlis  of 
age,  and  showed  all  the  par  colours.  The  number  of  eggs  renioved  as  dead 
duriii'^-  the  78  days  they  took  incubating,  were  as  follows  : — December  05, 
January  18,  February  4,  or  a  total  of  87  deaths;  while  in  addition  199  eggs  were 
found  to  have  escaped  impregnation.  Consequently  although  the  mortality  was 
small,  it  by  no  moans  gave  a  true  index  to  the  result  of  the  experiment,  for  it 
was  soon  perceived  that  the  young  were  not  a  strong  and  vigorous  brood,  while 
weak  ones  are  useless  for  stocking  purposes,  even  should  they  surmount  the 
diseases  and  dangers  of  their  youth. 

On  February  15th,  1884,  some  thousands  wei-o  batched  from  these  eggs,  but 
nearly  all  were  seen  to  be  suffering  from  Avhat  has  been  termed  dropsy,  or  blue 
swelling  of  the  yelk-sac,  probably  duo  to  insufficient  vitality  in  their  constitutions. 
On  March  12th,  1884,  I  first  saw  these  young  fish,  then  nearly  a  month  old,  and 
their  average  length  being  0.8  of  an  inch,  but  what  at  once  struck  an  observer 
was  the  large  pyriforra  umbilical  sac,  Avhich  seemed  to  anchor  them  to  the  bottom 
of  the  tank.  Some  were  seen  singly,  others  in  groups,  while  every  now  and  then 
one  would  start  up  and  swim  a  short  distance  in  an  irregular  or  spasmodic 
manner,  and  then  sink  to  the  bottom.  This  dropsical  enlargement  in  a  con- 
siderable proportion  of  the  fish  was  0'35  of  an  inch  in  length,  and  0^2  of  an  inch 
in  diameter  at  its  widest  part,  while  it  stood  out  in  tolerable  i-elief  from  the 
enclosed  yelk-sac,  showing  the  existence  of  two  coats,  separated  one  from  another 
by  an  accumulation  of  clear  fluid.  Under  a  strong  glass  there  appeared  to  be  a 
want  of  vitality  in  the  fish,  the  pulsations  being  weak,  the  activity  of  the  heart 
being  feeble,  and  the  blood  wanting  in  red  corpuscles.  Due  to  this  drop.sical 
disteiision,  the  pectoral  fins  were  muck  impeded  in  their  movements,  which  is  a 
very  material  consideration,  because  in  the  young  fish  these  fins  arc  in  constant 
motion,  in  order  by  keeping  up  a  continuous  current  to  assist  the  gill-covers  in 
aerating  the  blood  at  the  gills.  June  24th,  shifted  from  the  house  to  the  20-feet 
pond  at  Howietoun,  close  to  despatch  bouse  ;  on  August  29th,  1884,  about  100 
were  alive.  May  Gth,  1885,  temporarily  placed  in  no.  4  pond,  and  on  June  20tb 
to  pond  32,  only  53  fish  remaining.  June  17th,  1886,  they  were  about  two  dozen 
in  number,  and  shifted  to  pond  16,  all  being  small  except  two,  one  of  which  was 
twelve  inches  long,  and  f  lb.  weight.  At  this  time  some  had  one,  others  two  rows 
of  rather  large  pinkish-red  spots  along  the  latei-al-line,  and  also  above  and  below  it. 

On  November  23rd,  1886,  1000  eggs  obtained  from  one  of  these  fishes*  were 
milted  from  a  Lochleven  trout,  and  about  700  hatched  on  Feb.  10th,  1887,  or  in 
79  days;  they  looked  well.  June  27th,  067  fish  were  removed  to  no.  1  pond  at 
Howietoun. 

Crossing  eggs  of  burn  trout  with  milt  from  dead  par. 

Day,  Proceedings  Zoological  Society,  1884,  p.  378. 

November  29th,  1883.— About  1000  eggs  taken  from  a  burn  trout,  S.fario,  which 
had  been  some  years  in  the  pond,  were  milted  from  a  par  32  months  old,  which 
liad  been  a  few  hours  dead.  But  not  a  single  egg  fructified.  Only  three  turned 
white  in  December,  three  in  January,  and  fifteen  in  February,  or  a  total  of  21. 
On  March  12th  the  remainder  were  still  clear,  but  without  any  signs  of  an  embryo 
within,  having  evidently  been  unimpregnated. 

*  Lenf^th  of  example,  9-1  inch;  length  of  head,  1-0  inch  ;  length  of  pectoral,  14  inch  Lower 
iawshort^  Scales  near  pectoraliin  and  along  the  back  to  end  of  dorsal  tin  very  small :  eleven 
rows  between  adipose  dorsal  tin  and  lateral-Une.  Black  spots  on  the  dorsal  fin,  havnig  a  light 
ring  round  them  :  anal  with  a  white  front  edge.    Tail  very  ragged. 

17  * 
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As  bearing  on  this,  Mr.  Buist  filled  a  box  with  unfertilized  salmon  ova,  and 
treated  them  as  if  they  were  fertile :  and  he  observed  that  they  never  turned 
white  or  opaque,  like  ova  which  had  been  impregnated,  and  subsequently  died. 
(Brown,  Stormontfields  Experiments,  pp.  39-40,  see  also  p.  32  ante.) 


Hybrid  between  Lochleven  trout  and  Salmon  smolt. 

Day,  Froc.  Zool.  Soc.  1885,  p.  242. 

December  9th,  1884. — About  400  eggs,  averaging  0*22  inch  in  diameter,  of  a 
Howietoun  raised  grilse,  were  milted  from  a  Lochleven  ti^out,  but  only  half  the 
eggs  were  impregnated.  About  150  hatched  on  February  25th,  1885,  or  in  78 
days,  and  were  turned  into  pond  no.  4  on  June  30th,  very  few  having  died.  On 
February  27th,  1886,  some  measured  3|-  inches  in  length. 

Hybrid  between  Salmon  par  and  American  char. 

Day,  Proceedings  Zoological  Society,  1884,  pp.  40,  378. 

Nov.  29th,  1883. — Three  thousand  six  hundred  and  ninty-five  eggs  of  an 
American  char,  Salmo  fontinalis,  were  milted  from  a  salmon  par  32  months  old  : 
some  hatched  Feb.  20th,  1884,  or  in  83  days.  The  deaths  among  the  eggs  in  December 
were  144,  January  1527,  February  401,  or  a  total  of  3372.  On  March  7th,  1884, 
only  seven  were  alive,  and  these  subsequently  succumbed.  The  amount  of 
fertilization  received  in  this  instance  by  char  eggs  from  salmon  par  milt  was 
evidently  less  than  that  afforded  to  the  larger  eggs  of  the  Lochleven  trout. 

In  the  foregoing  accounts  of  experiments  on  hybridism  carried  out  at 
Howietoun,  instances  have  been  given  of  cases  between  the  salmon  Salmo  salar 
in  all  its  stages  with  the  Lochleven  trout,*  and  also  with  the  American  char.  It 
now  becomes  necessary  to  follow  out  the  crossings  of  the  trout  with  the  char. 

Zebra  Hybrids,  or  between   American   char  and   Lochleven   trout, 

Plate  XI,  fig.  2. 

Day,  Proceedings  Zoological  Society,  1884,  pp.  30,  378,  585,  plate  Ivi. 

November  15th,  1882. — About  3000  eggs  of  the  Lochleven  trout  were  fertilized 
at  Howietoun  with  milt  from  an  American  char,  Salmo  fontinalis,  they  hatched  on 
February  8th,  or  in  85  days.  The  mortality  among  the  incubating  eggs  was 
as  follows : — November  68,  December  142,  January  89,  and  February  41,  or  a 
total  of  340  eggs,  or  a  proportion  of  about  1  death  to  every  6  ova.  The  young 
were  much  malformed,  monstrosities  being  numerous,  some  had  blindness  in  one 
or  both  eyes,  others  had  bull-dog  deformities  of  the  snout.  Some  were  very 
light  coloured,  but  not  quite  albinos,  as  the  markings  though  j^ale  were  visible. 
In  May,  1883,  I  received  from  Howietoun  one  of  the  specimens,  it  was  0"8  of  an 
inch  in  length,  the  anterior  portion  of  its  head  was  deformed  owing  to  want  of 
development  of  the  premaxillaries  and  contigiTOUs  bones,  while  its  colours  were 
white  without  any  markings. 

Jiily  20th,  1883. — I  took  fovir  more  specimens  from  the  hatching  box,  and  they 
varied  in  size  from  1"6  to  1*7  in.  in  length,  while  the  number  of  par  bands  varied 
from  8  to  11.  The  remaining  fish  were  transferred  to  a  large  wooden  tank  raised 
off  the  ground  and  supplied  with  water  from  a  stream,  but  was  rather  exposed 
to  the  east. 

*  November  the  27th,  1884.— 1296  eggs  taken  from  a  Lochleven  trout  were  milted  from  a 
male  sea  trout,  Salmo  tnitta,  and  on  March  20th,  1875,  in  the  afternoon,  or  in  113  days,  about 
900  eggs  hatched,  and  on  the  21st  only  10  remained  to  hatch,  See  also  experiments  of  Shaw, 
Young,  and  Rasch  (p.  48). 
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On  November  20tli,  ilireo  more*  were  removed  lor  exiiniiiuitiou,  iuul  witli  tlic 
following  results  : — Specivioi  no.  1  was  blind  of  the  left  eye,  but  the  colours  on 
its  two  sides  were  similar,  and  like  no.  2,  except  having  two  instead  of  one  band 
across  the  dorsal  tin.  Seventeen  rows  of  scales  between  the  adipose  dorsal  fin 
and  the  lateral-line.  Specimen  no.  2,  eyesight  noi-mal.  The  finger-marks  were 
broken  up  into  arched  bands,  or  circles  enclosing  spaces,  the  ground  colour  being 
yellowish :  the  upper  surface  of  the  head  and  back  spotted  and  marked  with 
black  dots :  the  dorsal  fin  with  a  dark  band  across  its  centre  and  a  dark  spot  at 
the  base  of  its  first  ray.  Twenty-two  rows  of  scales  between  the  adipose  dorsal 
fin  and  the  lateral-line.  Specimen  no.  3  had  the  right  eye  absent,  the  ball  having 
retracted  into  the  socket,  while  the  left  eye  was  almost  blind,  the  pupil  being 
reduced  to  a  narrow  slit,  and  a  black  spot  was  present  on  the  sclerotic.  When 
alive  this  fish  appeared  as  a  semi-albino,  markings  wore  present,  but  light  in 
colour  on  both  sides,  more  especially  so  on  the  right.  Fifteen  rows  of  scales 
between  the  adipose  dorsal  fin  and  the  lateral-line. 

March  12th,  1884. — Upwards  of  20  were  found  to  be  dead,  so  the  next  day  they 
were  removed  to  the  upper  planked  pondf  at  Howietoun,  into  which  211  were 
turned,  but  some  appeared  to  be  very  weakly.  In  three  of  these  fish  a  remarkable 
change  had  occurred  in  the  colour  of  their  fins,  the  ventral,  anal  and  caudal  having 
become  of  a  carmine  red.  One  which  was  2|  in.  long  happening  to  die,  I  found 
that  its  left  eye  had  never  been  developed,  while  in  the  right  one  there  were 
adhesions  between  the  iris  and  subjacent  structures.  In  a  second  the  left  eye  had 
not  been  developed,  while  the  right  eye  had  suffered  from  congenital  malformation. 
The  longest  fish  was  a  little  over  3j  in.  in  length. 

August  28th,  1884. — About  190  of  these  fish  existed  and  were  in  excellent 
condition,  and  their  appearance  was  very  beautiful. J 

Teeth. — In  a  triangular  transverse  row  across  the  hind  and  lateral  margins  of 
the  head  of  the  vomer,  followed  by  three  or  four  more  teeth  placed  in  a  single 
series  along  the  anterior  half  of  the  body  of  that  bono :  these  posterior  teeth, 
which  may  be  four  in  number,  are  in  a  single  median  line,  so  far  as  I  have  had 
the  opportunity  of  examining,  and  are  always  present  as  seen  in  fig.  52,  2  and  2a 
(p.  270),  showing  either  that  deciduous  vomerine  teeth  may  exist  on  the  body  of 
the  vomer  in  char  crossed  by  trout :  or  else,  that  instead  of  a  double  row  of  teeth 
along  the  body  of  the  vomer,  as  seen  in  trout,  they  may  be  reduced  to  a  few  placed 
in  a  single  row  should  such  fish  be  crossed  with  char.  Scales — 18  to  22  rows 
between  the  base  of  the  adipose  dorsal  dowuAvards  and  forwards  to  the  lateral-line. 
Colours — yellowish  shot  with  purple  and  reticulated  Avith  irregular  black  bands, 
spots,  and  markings  along  the  body,  but  most  spotted  on  the  upper  surface  of  the 

No.  1,  No.  2,  _  No.  3, 

in  inches.  in  inches.  in  inches. 

*  Length  of  example     .         .       2-7       .         .      2-6       .        .        22 
„       „  head  .        .       OG       .        .       06      .         .        04 

,,       „  caudal  fin  .         .      0.4       .         .      0-5       .        .        0-3 
Height  of  body  .        .         .05.         .       0-55     .        ,        04 
t  Pond  no.  3,  twenty  feet  long,  five  wide,  and  containing  about  36  inches  of  water. 
I   The  following  is  a  description  of  two  specimens  removed  from  the  pond,  the  second  being 
the  one  figured  on  plate  xi. 

B.  X,  D.  13  (^^),  P.  13,  V.  9-10,  A.  .},  C.  19,  L.  1.  128-140. 
Cicc.  pyl.  37-39,  longest  ^  inch. 

Inches.    Inches. 

Totallength '^'Z        •      ^^'9 

Length  of  head    • 1-5        .         2-5 

Length  of  pectoral  fiu         .......         I'O        .         l^O 

Length  of  ventral  fin 08         .         1-3 

Length  of  caudal  fin I'O         .         2-1 

Height  of  body  I'o         .         2-8 

Eyes,  diameter  of 0-3         .         0-5 

Eyes  from  end  of  snout 0'4         .         09 

Eyes  apart 1-5        .         TO 

Distance  from  snout  to  dorsal  fin 2  8         .         5-3 

Distance  from  base  of  pectoral  to  base  of  ventral  fin  .        .         1"3        .        37 
Distance  from  base  of  ventral  to  base  of  anal  fin        .        .         1"2        .         2-0 
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head  and  back;  a  few  dark  marks  also  on  the  sides  of  the  head.  Dorsal  fin  yellow, 
with  black  sjwts  and  irregular  bands,  the  upper  portion  of  its  anterior  edge  being 
rather  light  with  a  dark  base.  Adipose  dorsal  with  a  black  base  and  two  black 
spots  one  above  the  other.  Pectoral  black-tipped.  Anal  with  the  three  first 
rays  white,  posterior  to  which  the  fin  is  stained  with  dark  gray,  especially  in  its 
outer  portion.  Caudal  dark-edged,  and  with  a  few  indistinct  bars  at  its  base.  It 
was  a  male  with  the  milt  veiy  fully  developed. 

November  12th,  1884. — Pond  no.  3  at  Howietoun  was  examined,  and  the 
females  of  the  zebra  race  were  not  quite  ready  for  breeding,  while  they  appeared 
to  be  fewer  in  number  than  the  males,  some  of  which  were  ripe.  On  December 
24th  they  were  shifted  to  pond  no.  5,  apd  146  fish  were  present.  September 
8th,  1885,  the  largest  removed  with  a  landing  net  was  9|  in.  long.  November 
5th,  1885,  on  netting  pond  5,  all  those  examined  appeared  to  be  sterile,  the 
largest  fish  being  12^  in.  loug. 


Zebra  Hybrids,  or  between  American  char  and  Locbleven  trout. 

Day,  Proc.  Zool.  Soc.  1884,  p.  379. 

November  29th,  1883. — Three  thousand  ova  were  taken  from  a  Lochleven  trout 
of  the  season  of  1875,  and  milted  from  a  Sahnofontincdis.  The  number  of  dead  eggs 
removed  was  as  follows  : — December  80,  January  56,  February  25,  or  a  loss  of 
161,  while  296  were  found  not  to  have  been  impregnated,  or  a  proportion  of 
one  death  to  every  17  ova.  These  young  fishes,  in  March,  1884,  were  much  moi-e 
advanced  than  the  young  dropsies  (see  p.  259  ante).  June  24th,  they  were  removed 
to  the  20  ft.  tank  near  tlie  "Despatch  House,"  where  they  continued  until  May  6th, 
1885,  when  they  were  shifted  to  pond  no.  3  ;  on  June  20th,  they  were  again 
moved  to  pond  no.  8  ;  they  now  numbered  161.  September  8th,  a  net  full  was 
removed,  and  the  largest  fish  in  it  was  6|  inches  long ;  on  November  26th,  they 
were  transferred  to  pond  no.  5.  On  October  15th,  1886,  one  15  inches  long,  which 
died  of  fungus,  had  milt  fairly  well  developed.* 


Leopard  Hybrids,  or  between  Lochleven  trout  and  American  char. 

Day,  Froc.  Zool.  Soc.  1884,  pp.  31,  32,  379. 

November  15th,  1882. — Eight  thousand  ova  of  an  American  char,  Sahno 
fontmalis,  wore  fecundated  with  the  milt  of  a  Lochleven  trout.  They  hatched  on 
February  7th,  or  in  84  days;  the  mortality  dui'ing  incubation  was  in  November  28, 
December  575,  January  1818,  February  297,  of  a  total  loss  of  2718.  The  young 
fry  wei'e  greatly  deformed,  many  had  their  spines  crooked,  atrophy  was  present  in  the 
posterior  portions  of  some,  and  a  deficiency  of  the  fins  generally,  more  especially 
of  the  caudal.  In  May,  1883,  the  young  were  about  1  inch  in  length,  and  had 
about  11  par  bands,  the  foremost  four  of  which  were  mostly  below  the  lateral- 
line,  while  the  remainder  generally  crossed  it.f  On  July  20th,  the  cross  bands 
had  become  wider  passing  downwards  to  the  belly  and  upwards  to  the  back,  which, 
however,  they  did  not  extend  on  to,  but  small  and  irregular  bars  descended 
towards  the  interspaces  between  the  cross  bands.  The  broad  cross  bars  on  the 
body  were  twice  as  wide  as  the  interspaces^  generally  about  nine  in  number, 


*  December  13th,  1884.— Five  hundred  eggs,  having  a  diameter  0-18  inches  each,  were 
obtained  from  a  dead  sea  trout  which  had  been  gaffed,  the  wound  having  extended  into  the 
ovary,  and  possibly  water  also.  The  milt  of  a  Howietoun  grilse  was  added,  they  were  put  in 
box  84c  on  March  1st,  one  hatched,  and  it  was  turned  into  box  92.  On  February  24th,  1887, 
this  fish  was  alive  and  well  along  with  Salmo  irideiis. 

t  Sir  James  Maitland  sent  mc  one  specimen  0-8  of  an  inch  loug ;  its  head  and  the  anterior 
part  of  its  body  were  normal,  but  posterior  to  the  dorsal  fin  a  general  atrophy  had  taken  place, 
and  although  the  anal  fin  was  fairly  developed,  the  caudal  portion  was  embryonic.  It  had  six 
bars  along  each  side. 
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while  anotlicr  crossod  the  luud,  and  a  dark  band  ran  across  ilio  middle  of  tlic 
dorsal  fin.     I  removed  three  from  the  box.* 

On  November  20th,  an  example  21  inches  in  lenpfth  was  taken  from  the 
remaining  10,  the  finger  marks  in  this  specimen  appeared  to  have  been  about  12, 
bnt  Avere  broken  up  into  irregular  shapes,  reticulated  over  a  yellow  ground  colour. 
The  back  was  black  spotted.  Dorsal  fin  Avith  two  obli(|ue  black  bands,  a  light 
upper  edge  and  a  dark  spot  at  the  base  of  its  first  doi'sal  rays  ;  15  rows  of  scales 
between  the  adipose  dorsal  fin  and  the  lateral-line.  These  fish  were  kept  under 
the  same  conditions  as  the  Zebra  breed,  and  on  March  13th,  1884,  only  8  remained 
and  they  seemed  in  rather  an  unsatisfactory  state,  and  on  December  2-itb,  the 
last  eight  were  shifted  to  pond  24,  and  again  in  1886,  to  pond  16. 


Hybrid  between  British  char  and  Lochleven  trout. 

December  5tli,  1885. — About  6500  eggs  of  8.  levenensis  were  milted  from  a 
Windermere  char  which  had  been  kept  too  long,  for  although  the  impregnation 
was  considered  good,  there  was  a  deficiency  of  milt;  in  84  days,  or  on  February 
27th,  about  30  hatched ;  and  on  July  30th,  20  were  moved  to  pond  4.  December 
17th,  19  remained  and  were  shifted  to  pond  23.  They  were  fully  as  large  as 
yearlings  of  the  true  Lochlevens  and  much  more  silvery.  May  30tli,  1887,  moved 
to  pond  32. 


Struau  Hybrid,  or  between  American  and  British  char,  Plate  XI,  fig.  1. 

Day,  Froceedings  Zool.  Sog.,  1884,  pp.  38,  379,  586,  and  plate  Ivii. 

November  I5th,  1882. — About  9000  ova  of  an  American  char,  S.  fontinalis,  were 
fertilized  with  the  milt  of  a  Scotch  char,  which  had  been  termed  ;S'.  struanensis, 
obtained  from  Loch  Raunoch,  and  which  had  been  retained  in  one  of  the  boxes. 
The  milt  seemed  rather  thick,  they  hatched  on  February  9th,  or  in  86  days.  The 
mortality  among  the  eggs  was  :  November  28,  December  309,  January  1907, 
February  130,  or  a  total  loss  of  2104  eggs,  or  nearly  1  in  4f ;  due  probably  tothe 
insufficiency  of  fertilization.  There  were  no  considerable  amount  of  monstrosities 
or  malformations.  On  May  20th,  1883,  I  received  one  \\  inches  long,  having  8 
broad  cross  bands  and  many  intermediate  smaller  ones,  no  band  on  the  dorsal  fin. 
On  July  20th,  I  received  four  more  of  the  following  dimensions  1-3,  1'8,  2-0,  2-1 
inches  in  length,  and  with  from  8  to  11  par  bands.  In  some,  these  par  bands 
were  much  more  broken  up  on  one  side  of  a  fish  than  they  were  on  the  opposite, 
one  had  9  wide  ones,  another  had  6  to  opposite  the  end  of  the  dorsal  fin,  after 
which  they  were  broken  up.  All  had  the  light  anterior  edge  to  the  first  dorsal 
fin.  November  29th,  1883,  two  more  were  removed  from  the  tank  of  2'8  and 
3-0  inches  respectively  in  length. t  From  20  to  28  rows  of  scales  between  the 
base  of  the  adipose  dorsal  fin  and  the  lateral-line.  Teeth  along  the  head  of 
the  vomer,  none  along  its  body.  These  were  kept  under  the  same  conditions 
as  the  Zebra  and  Leopard  breeds.  On  March  13th,  1884,  91  lively  young 
fish  were  transferred  to  a  planked  pond  at  Howietoun,  and  from  among  these 
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one  7-3  inches  long*  was  removed  for  examination.  The  lower  jaw  was  slightly 
deformed,  being  unnaturally  shortened.  Teeth— in  a  transverse  row  across 
the  head  of  the  vomer,  but  none  along  the  body  of  the  bone.  Scales— 23  rows 
pass  from  the  base  of  the  adipose  dorsal  fin  downwards  and  forwards  to  the 
lateral-line.  The  dorsal,  anal,  and  other  fins  are  much  more  developed  in  these 
pure  char  hybrids  than  in  the  Zebra,  wherein  the  char  was  crossed  with  a  trout. 
Colours— oi  a  beautiful  iridescent  purple,  with  thirteen  transverse  or  par-bands 
along  the  sides  ;  the  whole  of  the  body  covered  with  small  light  spots,  none  on  the 
fins.  Anterior  edge  of  the  dorsal,  ventral,  and  anal  white,  also  the  outer  ray  of  the 
pectoral.  A  few  dark  marks  along  the  base  of  the  dorsal  fin,  all  the  fins  darkest 
at  their  outer  edges.  The  specimen  was  a  male  with  the  milt  very  fully 
developed. 

November  12th,  1884.— Pond  no.  4  at  Howietoun  was  again  examined,  and 
91  fish  were  present :  the  largest  fish  was  8h  inches  long  ;  most  of  the  females  were 
not  quite  ready  for  breeding,  as  December  set  in  they  began  to  be  languid ;  and 
one  or  two  having  died,  they  were  shifted  into  pond  no.  5,  on  December  24th, 
when  74  fish  were  transferred.  The  next  day  fifteen  died,  and  two  on  the  26th. 
Subsequently  few  succumbed  ;  but  one  on  February  12th.  These  fish  seem,  in 
their  shallow  pond,  to  have  felt  atmospheric  changes  very  severely,  requiring  deeper 
water  into  which  to  descend,  while  it  is  very  remarkable  that  the  hybrid  crosses 
between  the  American  char  and  the  Lochleven  trout  (9  leopards  and  146  zebras) 
wei^e  not  so  aS'ected,  although  kept  under  precisely  similar  surroundings. 

November  25th,  1885. — The  largest  was  lOHnches  in  length,  many  were  found 
to  be  ready  to  spawn,  some  not  quite  so,  but  from  thirty-five  fish  from  10  to  12,000 
eggs  were  obtained,  some  were  crossed  among  themselves,  as  will  be  detailed. 
There  were  not  so  many  males  with  ripe  milt  as  there  were  females  with  ripe  ova. 

February  27th,  1886.— A  good  many  of  the  old  struans  have  died  since  spawn- 
ing, they  appear  to  be  a  dehcate  fish  ;  found  four  dead  to-day ;  it  seems  this  frosty 
weather  kills  them,  as  was  observed  last  year.  The  hybrids  between  S.  fontinalis 
and  S.  levenensis  are  in  the  same  pond,  but  none  have  died,  so  I  conclude  the  cross 
with  the  trout  has  enabled  the  breed  to  stand  the  cold.     Water  is  four  feet  deep. 

Struan  Hybrids,  or  between  American  and  British  char. 

Day,  Froc.  Zool.  Sac.  1884,  p.  379. 

November  I2th,  1883. — Some  eggs  of  the  American  char,  Salvia  font i7ial{s,vf ere 
milted  from  a  Scotch  char,  S.  alpinus;  the  deaths  among  the  incubating  eggs  were, 
in  November  28,  December  193,  January  1028— or  a  total  of  1449  deaths.  On 
March  13th,  1884,  there  appeared  to  be  about  500  alevins  doing  well ;  and  on 
April  24th,  1885,  they  were  mixed  with  the  other  struans  in  pond  no.  5. 

Struan  Hybrids,  or  between  American  and  British  char. 

Day,  Proc.  Zool.  Soc.  1884,  p.  379. 

December  1st,  1883. — Some  eggs  of  the  American  char  were  milted  from  a 

*  B.  xi,  D.  13  (^%),  P.  13,  V.  8-9,  A.  jl 
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,,        head 
,,        pectoral  tin 
„        caudal   . 
,,        ventral . 
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,,  base  of  ventral  to  anal 

The  larger  of  these  two  examples  was  a  male  taken  October  15th,  1886,  and  is  figured  on 
plate  xi. 
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Scotch  cliar ;  the  deaths  among  the  incubatiiit^  Co^y  \^'i'''<-'.  i'l  Dccenibci'  liiH, 
January  7S7,  February  lOi — or  a  total  of  11  H>  ;  they  hatched  on  Fcbru:iry  IGlh. 
;^^arch  13th,  1881,  upwards  of  lOO  were  present.  On  April  2tth,  1885,  they  were 
shifted  to  pond  5,  along  with  similar  hybrids. 


Struan  Hybrids  crossed. 

Day,  Proc.  Zool.  Soc.  1885,  p.  243. 

November  12th,  1884. — Afomalo  struan  hybrid,  twenty-one  months  old,  gave  14(3 
eggs,  which  were  milted  from  a  male  of  the  same  breed.  Only  six  liatched  on 
February  3rd,  1885,  or  in  84  days. 


Struan  Hybrids  crossed. 

November  24th  and  25th,  1885. — Aboxat  17,500  eggs  were  obtained  from  struan 
hybrids,  and  crossed  by  males  from  the  same  breed,  they  being  at  that  time  tliirty- 
threc  months  old.  The  mortality  from  the  two  lots  was,  in  November  5735, 
January  5635,  and  February  393;  1054  were  unimpregnatcd.  They  commenced 
hatching  February  11th,  and  about  2000  young  came  out.  Many  were  very  weak, 
and  the  mortality  became  considerable.  July  30th,  689  fish  were  shifted  to  20  feet 
pond  no.  3 ;  and  on  December  27th  450  were  moved  to  the  botanical  pond,  which 
is  about  four  feet  deep.  About  the  middle  of  June,  1887,  and  the  subsequent  three 
weeks  when  the  weather  was  scorching  and  the  glare  great,  many  were  observed  to 
commence  to  lose  their  colour,  to  become  somewhat  similar  to  albinos,  with  the 
pectoral,  ventral,  and  anal  still  showing  the  red  colour.  On  a  net  being  placed 
near  them  they  did  not  move  unless  touched,  and  on  being  taken  out  of  the  pond 
were  found  to  be  blind  :  in  those  slightly  affected  in  colour  the  pupil  was  fixed  and 
the  colour  dull,  almost  opaque,  in  those  fully  affected  it  was  quite  opaque.  At  the 
commencement  of  July  some  wood  was  placed  over  the  inlet  end  of  the  pond  under 
which  the  fish  crowded,  hut  the  temperature  of  the  water  did  not  fall  until  some 
rain  fell  on  the  5th  and  7th,  when  the  fish  seemed  more  lively.  Some  boards  were 
now  placed  over  a  portion  of  the  pond  for  the  char  to  get  under,  but  no  other 
locality  was  available  in  which  to  transfer  them.  This  instance  is  interesting,  as 
showing  how  excess  of  light  and  heat,  added  to  insufficient  depth  of  water,  causes 
mortality  among  these  fishes. 


Struan  Hybrids  crossed. 

November  5th,  1886. — Twenty  thousand  eggs  of  this  form  of  hybrid,  45  months 
old,  were  milted  from  males  of  the  same  race,  the  mortality  being,  in  November  6895, 
December  4397,  January  1503.  This  cross  was  repeated  next  day  with  6000  eggs, 
and  the  mortality  among  them  was,  November  2526,  December  1257,  January  657, 
and  675  were  not  impregnated.  They  commenced  hatching  January  13th,  and 
continued  doing  so  for  sevei'al  days.  Some  of  these  hybrid  parents  were  two 
years  old,  others  a  season  older.  As  a  rule,  to  which  there  were  exceptions,  these 
fish  were  weak.  On  June  14fch,  1887,  1250  were  placed  in  box  4,  and  1000  in  box 
no.  5  in  the  hatching-house. 


Struan  Hybrids  breeding. 

December  6th,  1884. — Six  hundred  ova  were  ohtained  from  a  22  months  old  struan 
hybrid.  These  ova  had  an  average  diameter  0'15  inch,  and  were  milted  fi'ora 
another  struan  hybrid  and  placed  in  box  104?;.  February  23rd,  or  in  79  days,  50 
hatched  and  were  transferred  to  box  no.  92,  but  only  one  lived,  and  it  was  placed 
in  pond  3. 
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Struan  hybrids  breeding  with  Lochleven  trout,  PLate  XI,  fig.  3.* 

Day,  Froc.  Zool.  Soc.  1885,  p.  243. 

November  12th,  1884. — Four  thousand  five  hundred  eggs  from  two  Lochleven 
trout  were  milted  from  a  male  struan  hybrid  and  placed  in  box  88  ;  1292  eggs  were 
picked  out  during  incubation,  1568  were  unimpregnated,  and  the  remainder  hatched 
on  February  2nd,  1885,  or  in  83  days ;  among  them  were  many  deformities,  a  few 
dropsies,  and  subsequently  a  high  mortality.  On  June  30th,  320  were  placed  in 
pond  3.  Some  were  albinos,  one  especially  was  not  blind  at  all,  there  Avas  a  black 
line  along  the  top  of  the  dorsal  fin,  the  largest  fish  was  four  inches  long.  July 
5th,  1886,  doing  well.  November,  1886,  their  colours  were  very  similar  to  those 
of  the  "  zebra  "  breed,  only  being  a  little  more  plum-coloured  along  the  sides,  the 
dorsal  fin  less  marked,  and  the  head  darker  ;  consequently,  those  hybrids  which 
contain  one-fourth  of  Lochleven  trout  blood  and  three-quarters  of  that  of  British 
and  American  chars  commingled,  have  adopted  the  colouring  pi-eviously  observed 
in  hybrids  between  the  American  char  and  the  Lochleven  trout,  while  the  tints  of 
the  British  char  are  almost  absent.  These  forms  are  not  sterile.  March,  1887, 
there  were  157  of  these  fish  alive,  the  longest  being  11  inches.  July  7th,  1887, 
they  were  looking  exceedingly  well. 

Struan  hybrids  breeding  with  Lochleven  trout. 

December  5th,  1885. — Seven  thousand  eggs  of  Lochleven  trout  were  milted  from 
struan  hybrids,  and  on  February  20th,  or  in  77  days,  about  1500  hatched.  July  30th, 
1886,  shifted  620  fish  to  no.  5,  or  20-feet  pond.  Many  were  albinos.  The  mor- 
tality was  as  follows  :  December  63,  January  311,  February  1531,  unimpregnated 
3782.  March  17th,  1887,  they  now  numbered  500  and  were  moved  to  pond  no.  4, 
and  on  June  14th  to  pond  no.  13,  there  being  413  good  and  strong  fish. 

Struan  hybrids  breeding  with  British  char. 

December  5th,  1886. — About  1200  eggs  from  struan  hybrids  were  milted  from 
a  char  received  from  Windermere,  but  the  fish  was  nearly  spent,  and  only  two 
hatched,  on  February  20th,  or  in  77  days,  the  impregnation  being  possibly  bad 
owing  to  deficiency  of  milt.  The  following  eggs  were  picked  out :  December  322, 
January  1335,  February  223. 

Zebraf  hybrids  breeding  with  Lochleven  trout. 

Day,  Proc.  Zool.  Soc.  1885,  p.  242. 

November  12th,  1884,  pond  no.  3,  at  Howietoun,  was  examined,  and  the 
females  of  the  "  zebra "  race  were  not  quite  ready  for  breeding,  while  they 
appeared  to  be  fewer  in  number  than  the  males,  some  of  which  were  ripe :  1350 

*  B  xi,  D  13,  P.  16,  V.  9,  A.  11,  C.  21,  L.  1.  133,  L.  tr.  -2  7,  Case.  pyl.  45. 

Inches. 

Length  of  example 7'5 

,,      ,,  head 14 

,,       „  pectoral  fin I'l 

,,       ,,  caudal  fin 1"15 

,,       ,,  ventral  fin 08 

Height  of  body 18 

Eye,  diameter  of 0'3 

Eyes  from  end  of  snout 04 

Eyes  apart 045 

Distance  from  snout  to  dorsal  fin  ....  3o 

,,  ,,      base  of  pectoral  to  base  of  ventral  .  2'0 

,,  ,,         ,,     ,,  ventral  to  anal  .         .         .         .  1'4 

This  example  was  captured  October  13th,  1886,  and  is  the  one  figured. 

t  Zebras  are  a  breed  of  hybrids  in  which  the  American  char  is  the  male  and  the  Lochleven 
trout  the  female  parent  (sec  pages  260-262). 
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eggs  were  takeu  from  a  Loolilcveu  trout  and  milted  fnjiii  a  "zebra"  8i  iiiehcs 
long.  These  were  ])laced  in  box  '.•2(t.  Only  about  12  of  these  eggs  eyeil,  and 
merely  3  embryos  developed,  whilo  they  died  unhatehed.  As  a  rule  the  eggs 
appeared  not  to  have  been  impregnated.  On  measuring  them  I  found  that  tlic 
majority  averaged  0*2i  of  an  inch  in  diameter.  The  cause  of  failure  in  tiiis 
instance  was  probably  due  to  the  young  age  of  the  male. 

Hunter,  as  we  know,  was  of  opinion  that  hybrids  in  the  higher  forms  of 
vertebrates  were  not  i)roductive,  except  in  cases  where  the  genciutive  organs  were 
in  a  condition  of  perfection,  a  state  which  might  be  considered  unnatural  in 
hybrids.  But  in  fishes,  the  lowest  of  the  vertebrate  orders,  the  labours  of  fish- 
culturists  lead  one  to  modify  those  views,  while  Darwin  and  others  have  pointed 
out  that  domestication  tends  to  eliminate  sterility.  It  will  now  be  interesting, 
first,  to  ascertain  the  average  per-ccntage  of  salmonoid  eggs  which  are  successfully 
incubated  in  a  well-appointed  fish-cultural  establishment,  and  then  to  compare 
these  with  what  takes  place  among  hybrids. 

If  we  place  the  average  proportion  of  salmon  or  trout  eggs  dying  during 
incubation  at  5  per  cent.,  such  is  in  reality  more  than  usually  occurs  atHowietoun, 
but  this  figure  gives  us  a  basis  from  which  to  calculate  losses  by.  But,  as  I  have 
already  obsei'ved  (p.  26  ante),  eggs  from  young  mothei'S  are  subject  to  a  greater 
percentage  of  deaths  during  incubation  than  such  as  arc  (to  a  certain  extent) 
obtained  from  fish  three  or  four  seasons  and  upwards  of  age.  While  similarly  milt 
from  young  parents  may  be  a  cause  of  failure  in  impregnation  or  mortality  among 
the  alevins  and  springlings. 

In  first  crosses  for  forming  hybrids,  and  the  first  crosses  of  hybrids,  we  have 
the  following  records  : — 

No.  of  oggs       Failures       ^°-  °^  '^^^'^ 
incubated.  '       mcubating. 


1881. 

Dec.  24th. 

Male  salmon  (adult)  and  Lochleven  trout 

20.000 

75 

1881. 

.,     27th. 

(       n       )     n 

7000 

about  28  per  cent. 

76 

1884. 

Nov.  11th. 

(young)   „ 

12,000 

,,      19 

78 

1883. 

„     29th. 

(     „    )   „ 

4500 

6 

78 

1884. 

Dec.    9th. 

Male  Lochleven  trout  aud  salmon  (young) 

400 

„      62 

78 

1883. 

Nov.  29th. 

Male  salmon  (young)  and  American  char 

8695 

„      93 

83 

1882. 

„     15th. 

Male  American  char  and  Lochleven  trout 

3000 

M      17 

85 

1883. 

„     29th. 

n                    n                 )i                              ))                       )) 

3000 

„      15 

— 

1882. 

„     15th. 

Male  Lochleven  and  American  char 

8000 

„      32 

84 

1885. 

Dec.    5th. 

Male  British  char  aud  Lochleven  trout     . 

0500 

„      99        „ 

84 

1882. 

Nov.  15th. 

Male  American  char  and  British  char 

9000 

„      23 

86 

1884. 

„     12th. 

Male  struan  (young)  and  struan 

14(5 

„      99 

83 

1885. 

„     25th. 

,,(„)„„ 

12,000 

„      83 

— 

1884. 

Dec.    6th. 

,,(„)„„ 

600 

„      91 

79 

1884. 

Nov.  12th. 

,,         ,,        (           )     ,,     Lochleven 

4500 

„      63 

— 

1885. 

Dec.    5th. 

„             n           (                )       "             .    ."            • 

7000 

„      78 

77 

1886. 

„       5th. 

,,         ,,       (          )     11     British  char 

1200 

„      99 

77 

1884. 

Nov.  12th. 

,,     zebra    (          )     ,,     Lochleven 

1350 

n     100 

— 

Of  course  one  must  not  lay  too  great  a  stress  upon  the  percentage  of  losses  of 
eggs  during  incubation  from  the  number  of  experiments  here  recorded,  but  taking 
them  for  what  they  are  worth  they  would  seem  to  point  to  the  following  results. 
Employing  the  milt  of  adult  salmon  to  fertilize  trout  eggs  the  loss  was  as  much  as 
28  per  cent,  and  though  the  mortality  among  the  yearlings  and  young  fish  was 
considerable,  such  must  have  been  partly  owing  to  the  small  amount  of  space 
which  could  be  accorded  to  them. 

When  we  investigate  the  figures  respecting  Lochleven  trout  crossed  by  salmon 
smelts  or  par  we  find  what  at  first  appears  strange,  that  the  loss  during  incubation 
was  far  less  than  when  the  milt  of  adult  fish  was  employed.  This  seems  to  be 
pi-obably  owing  to  mechanical  causes,  as  I  have  already  alluded  to  the  size  of  the 
micropyle  in  the  trout  ova  being  of  barely  sufficient  extent  to  admit  the  spermatozoa 
of  salmon,  but  owing  to  the  large  size  of  the  eggs  of  these  trout  at  Howietoun  this 
difiiculty  has  been  partially  overcome.  But  employing  young  male  salmon 
fertilization  must  be  more  readily  effected,  still  one  point  requires  elucidation, 
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which  is,  provided  the  mortality  during  incubation  is  not  great,  Avhat  is  it  among 
the  alevins,  springlings  and  yearlings  ?  In  the  first  lot  (laid  down  Nov.  11th,  1884) 
there  was  a  great  deficiency  of  vitality  among  the  alevins,  which  suffered  extensively 
from  dropsy  of  the  sac,  about  10  per  cent,  dying  during  the  first  month  and  another 
20  per  cent,  subsequently  before  June.  A  similar  result  occurred  in  the  second  lot 
(laid  down  Nov.  29th,  1883)  wherein  in  fact  by  August,  1884,  only  100  remained 
alive. 

Next  we  see  (Dec.  9th,  1884)  a  few  eggs  of  a  salmon  grilse  which  it  was 
attempted  to  fertilize  by  means  of  the  milt  of  an  adult  Lochleven  trout,  and  here 
doubtless  the  same  mechanical  difficulty  already  alluded  to  would  take  place,  the 
number  of  eggs  lost  during  incubation  being  62  per  cent ;  only  about  one-half 
having  been  impregnated. 

Passing  on  to  still  smaller  eggs,  as  of  the  American  char,  the  attempt  to 
fertilize  them  (Nov.  29th,  1883)  with  even  young  salmon  was  a  great  failure,  as 
many  as  93  per  cent,  being  lost  during  incubation,  in  fact  all  but  21  out  of  1000 
appear  to  have  escaped  impregnation. 

In  the  next  two  experiments  (Nov.  15th,  1882,  and  Nov.  29th,  1883,  zebra 
hybrids)  eggs  of  Lochleven  trout  were  fertilized  by  American  char  and  here  no 
mechanical  difficulty  could  be  present,  and  the  deaths  during  incubation  were  from 
15  to  17  per  cent.,  while  comparatively  very  few  were  lost  from  want  of  impregna- 
tion. With  two  such  distinct  species  as  a  char  and  a  trout,  crossed  as  described, 
we  find  deaths  and  deformities  due  to  hybridizing,  in  fact  to  some  physiological 
not  mechanical  cause  ;  while  as  the  parents  were  both  of  pure  breeds  and  no 
reason  existed  to  suppose  that  the  generative  organs  of  either  were  affected, 
this  would  seem  to  point  out  that  crossing  these  two  distinct  species  was  calculated 
to  occasion  deformities  or  monstrosities  in  the  resulting  offspring. 

Similarly  fertilizing  American  char  eggs  Avith  milt  from  the  Lochleven  trout 
(Nov.  15th,  1882,  leopard  hybrids)  the  mechanical  difficulty  would  seem  to  again 
occur  and  the  mortality  during  incubation  was  about  32  per  cent,  or  double  what 
took  place  in  the  preceding  cross.  As  might  be  anticipated  the  physiological 
deleterious  cause  was  likewise  present  in  this  instance,  consequently  deformities 
were  numerous. 

If  we,  however,  pass  on  to  a  cross  made  between  a  male  American  char  and  a 
British  char  (Nov.  15th,  1882,  struan  hybrids)  we  see  an  almost  intermediate 
condition.  Here  we  can  hardly  suppose  that  the  mechanical  difficulty  would 
be  present,  yet  the  mortality  was  as  great  as  23  per  cent.,  pointing  to  the 
physiological  or  pathological  question,  but  the  young  were  not  so  malformed  as  in 
the  preceding  crosses.  But  it  may  be  a  subject  that  has  yet  to  be  solved  as  to  what 
is  the  relationship  between  the  British  and  American  chars  ? 

This  brings  us  to  the  consideration  of  are  hybrids  fertile  ?  and  in  the  preceding- 
experiments  it  has  been  shown  that  they  are.  But  mere  possibility  of  fertility 
from  the  males  or  females  of  these  hybrids,  however  interesting  physiologically, 
is  not  so  much  so  to  the  fish-culturist  and  riparian  proprietor  who  wishes 
to  know  the  amount  of  fertility  which  might  reasonably  be  anticipated,  and 
through  how  many  generations  ?  Also  whether  fertility  decreases  with  increased 
hybridization  ? 

Doubtless  the  amount  of  mortality  among  the  eggs  of  hybrid  Salmcmidce  is,  as 
has  been  shown,  very  great,  but  the  age  of  these  fish  is  one  factor  that  has  also  to 
be  taken  into  consideration. 

First  as  to  the  interbreeding  of  struan  hybrids,  in  the  first  year  when  this  was 
carried  out  (Nov.  12th,  1884)  or  when  the  fish  were  21  months  old,  the  mortality 
was  over  96  per  cent,  of  the  eggs,  in  fact  out  of  146  eggs  only  six  hatched.  On 
December  6tli  of  the  same  year  this  cross  was  again  made,  but  the  mortality  was 
over  91  per  cent.,  and  of  the  50  which  were  hatched  only  one  lived  ;  these  fish 
had  no  stamina. 

Breeding  these  struan  hybrids  among  themselves  when  a  year  older  (33  months 
old)  gave  the  folloAving  result  (Nov.  25th,  1885),  a  mortality  of  83  per  cent.,  but 
the  deaths  among  the  young,  although  considerable,  did  not  reach  to  what  occurred 
the  previous  year. 
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Tlio  next  set  of  oxi)Oi'iineu(3  consisted  in  cros.sin<j  liyl)ri(ls  with  pure  l)reo(ls. 
On  Nov.  rJth,  188i,  wlion  the  striians  were  only  21  montlis  old  their  milt  wus 
used  in  order  to  fertilize  some  Lochlovcn  trout  eggs,  and  the  mortality  durin" 
incubation  was  03  per  cent.  It  has  been  previously  pointed  out  that  male 
salinonoids  are  mosfly  moi-e  advanced  for  procreativc;  })urposes  than  females  are. 
There  were  many  detbrmities  and  albinos  among  these  offspring.  This  cross  was 
again  tried,  Dec.  5th,  1885,  when  the  mortality  was  about  78  per  cent,  and  many 
of  the  otl'spring  were  albiuos. 

It  would  appear  from  the  foregoing,  it  is  probable  when  crossing  two  races  of 
which  the  male  belongs  to  the  larger  breed,  that  fertilization  of  the  ova  may  be 
prevented  owing  to  the  size  of  the  microiDylc  being  insuiiicient  to  freely  admit  the 
entrance  of  the  spermatozoa. 

That  some  physiological  cause  must  be  in  existence  which  occasions  deformities 
or  monstrosities,  and  many  eggs  are  unfertilized.  Also  tliat  in  such  crosses  the 
offspring  are  very  weak. 

The  colours  in  hybrid  (zebra)  offspring  crossed  by  a  race  of  pure  Lochleven 
trout  have  not  reverted  to  those  of  either  of  the  original  parents,  but  appear  to  bo 
forming  those  of  a  very  distinct  and  separate  kind. 

It  will  now  be  necessary  to  notice  the  number  of  days  the  eggs  of  hybrids 
require  for  incubation  and  to  compare  them  with  what  takes  place  in  those 
of  the  parent  species  kept  distinct  but  under  similar  conditions.*  December, 
1881,  Lochleven  trout  eggs  milted  from  salmon  hatched  in  75  days  ;  and  in 
December,  1884,  salmon  eggs  milted  from  Lochleven  trout  took  76  days.  December, 
1884,  some  salmon  ova  were  milted  from  salmon  and  incubated  under  the  same 
conditions  as  the  hybrids,  and  they  hatched  in  79  days.  In  fact  the  hybrids, 
whichever  species  was  the  male  parent,  hatched  four  or  five  days  before  the  home- 
bred fish. 

On  each  occasion  of  the  milt  or  eggs  from  a  Howietoun  raised  grilse  being 
crossed  by  Lochleven  trout  they  took  78  days  in  incubating. 

It  must  be  self-evident  that  should  any  cause  occasion  salmon  or  trout  or  char 
eggs  to  be  hatched  prior  to  the  normal  number  of  days  of  incubation  having 
elapsed,  such  cannot  conduce  to  the  strength  of  the  offspring.  We  know  this 
may  be  effected  by  elevating  temperature  (see  pp.  35,  36  ante),  and  that  weak 
alevins  are  the  result.  But  when  this  is  done  by  other  means,  as  employing  the 
male  of  a  species  (admittedly  healthy)  wherein  incubation  requires  a  moderate 
number  of  days  to  fertilize  eggs  from  a  healthy  female  of  another  species  which 
requires  a  much  larger  number  of  days,  and  the  period  of  incubation  becomes 
reduced,  it  would  seem  to  be  a  most  probable  result  that  certain  pathological 
conditions  would  be  set  up  in  the  offspring,  such  as  were  perceived  in  some  of  the 
hybrids  already  referred  to. 

The  American  char,  Sahno  fontinalis,  at  from  43°  to  43"5°  Fahr.  requires 
from  79  to  81  days  for  incubation,  and  crossing  a  female  with  a  young  salmon  the 
period  required  was  83  days,  and  in  two  other  instances  where  Lochleven  trout  wei'e 
the  male  element  84  and  85  days :  when  the  British  char  was  similarly  employed 
8G  days.  But  when  we  examine  the  period  required  for  the  eggs  of  hybrids  inter- 
bred among  themselves  we  see  another  alteration,  almost  a  regular  diminution  in 
the  number  of  days,  as  among  the  struans  they  varied  from  79  to  83  days,  but 
crossing  these  hybrids  with  British  char  or  Lochleven  trout  only  77  days  were 
required. 

Respecting  the  number  of  par  bandsf  on  the  sides  of  young  hybrid  Salmonidce 

*  During  the  winter  of  1886-7,  at  Howietoun,  witli  the  temperature  of  the  water  kept  at  43°  or 
43*5°  Fahr.,  the  following  number  of  days  was  found  necessary  for  incubating  the  eggs  of  the 
following  fish: — Sahuon,  pure,  hatched  at  Howietoun,  laid  down  in  November,  81  days:  sea  trout, 
S.  tnttta,  laid  down  in  November,  81  days:  burn  trout,  Salmo  fario,  not  above  3  years  of  age,  laid 
down  November  11th,  79  days  in  one  lot,  74  in  another:  Lochleven  trout,  pure  10-year-old  fish, 
laid  down  in  November,  7G  days  :  Lochleven,  8-year-old,  milted  in  November  by  young  burn 
trout,  75  days :  Lochleven,  3-year-old,  milted  in  November  by  burn  trout,  70  days  :  American 
char,  S.  fo7itinalis,  laid  down  in  November,  from  79  to  81  days. 

t  The  number  of  bands  appears  to  be  in  some  way  modified  by  locality ;  if  the  young  at 
Howietoun  are  reared  in  water  coming  from  Loch  Coulter  they  have  about  17,  if  from  the  small 
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(see  pp    158,    227   ante)  tlie  following  are   some   of   the   observations  made  at 
Howietoun : — 


Average  length. 


Most 
bands. 


Least 
bands. 

10 


Greatest 

difference  in 

a  single  fish. 

2 

2 

2 

3 


7  hybrids  of  Salmon  and  Lochleven     11|  inches       12 
4  „  Zebra  breed         .         .       9^     .,  11 

3  ,,  Leopard  breed    .         ,       9^     „  11 

6  ,,  Struan  breed       .         •       9i     ,,  13 

This  would  appear  to  show  that  the  difference  in  the  numbers  of  these  par 
bands  in  these  fishes  may  be  comparatively  considerable. 

The  number  of  rows  of  scales  I  have  found  existing  in  the  various  chars  have 
been  as  follows  : — 


from  adipose  dorsal  to  1.1. 


18-28 
21-26 
20-28 


British  char.    Scales  along  lateral-line  125-145 
American  char.  „  ,,  122-142 

Hybrid  char.  „  „  124-136 

The  mode  of  dentition  on  the  vomer  alters  in  hybrids,  as  will  be  seen  in 
fig.  52,  showing  how  the  teeth  in  the  char,  Salmo  fontinalis,  are  restricted  to  an 
angular  band  of  about  six  or  eight  situated  a,long  the  hind  edge  of  the  head  of  that 
bone.  But  in  crossing  with  trout  the  number  of  teeth  on  the  head  of  the  bone 
decreases,  while  the  knob  at  the  inferior  end  of  the  head  lengthens  along  the 
central  line  of  the  vomer,  where  teeth  in  trout  are  situated,  and  this  elongation 
serves  as  a  dental  ridge  showing  three  or  even  four  teeth  along  it. 

It  may  be  a  question  whether  any  prepotency  of  sex  among  the  parents  of 
hybrids  can  be  detected  in  the  offspring,  exhibited  either  in  sexual  development 
or  in  external  characters  ? 

Of  course  as  trout  and  char  may  equally  commence  breeding  when  just  under 
two  years  of  age  we  cannot  expect  to  find  any  prepotency  of  parental  sex  to  be 
thus  shown  among  the  offspring,  but  it  is  different  wath  the  salmon,  among  which 
we  may  anticipate  spawning  at  a  year  later  than  in  the  trout. 

In  the  cross  made  December  24th,  1881,  between  salmon  and  Lochleven 
trout,  and  which  hatched  in  March,  1882,  the  fish  were  suffocated  in  July,  1885, 
but  some  would  evidently  have  bred  that  winter  or  in  their  third  or  fourth  season 
similarly  to  salmon:  two  which  survived,  and  were  males,  were  employed  for 
breeding,  November  and  December,  1886. 

November  29th,  1883,  a  salmon  joar  was  employed  to  fertilize  milt  of  a 
Lochleven  trout,  and  among  the  few  survivors  of  the  dropsical  offspring  one 
female  gave  eggs  November  23rd,  ]886,  or  at  33  months.  Consequently  in  all 
those  instances  where  the  male  parent  was  the  salmon  the  young  did  not  breed 
before  the  33rd  month,  or  similarly  to  salmon  bred  at  Howietoun,  but  twelve  months 
later  than  trout  or  char. 


No.  52.  Teeth  on  vomer  of  American  char  :  1,  front  view ; 
Iff,  side  view :  of  hybrid  between  American  char  and  Lochleven 
trout:  2,  front  view;  2((,  side  view. 


Craig-end  burn  only  from  12  to  14,  and  those  much  broken  up,  the  food  being  the  same  in  both 
localities.  The  young  of  sea  trout  Salmo  trutta  (sec  note  in  p.  146  ante),  on  July  6th,  1887,  in 
pond  3  at  Howietoun,  were  found  to  have  9  complete  and  some  incomplete  par  bands,  while  some 
young  of  S.  fario  in  the  next  pond,  no.  4,  and  of  similar  age,  had  from  10  to  12  of  these  bands. 


271 


MONSTROSITIES. 

The  subject  of  monstrosities  or  abnormal  variations  among  men  and  the  lower 
animals,  has  always  excited  attention  in  every  class  of  the  community,  for  in  times 
o-one  by  they  were  considered,  even  l)y  educated  persons,  as  mysterious  portents 
of  events  which  would  shortly  take  place,  or  else  the  result  of  diabolical  influences. 
And  even  now,  in  some  districts,  such  ideas  are  observed  to  linger  among  the 
nnedncated  or  the  credulous,  while  they  are  more  widely  disseminated  m  Eastern 

climes.  .  ^^  ^     '» 

The  very  term  monster  has  been  derived  either  from  the  Latin  term  monstro 
io  slww,  or  from  "moneo"  to  warn,  in  accordance  with  the  views  held  by  different 
schools  of  thought  or  superstition.  For  some  imagined  that  these  abnormal 
creatures  showed  the  results  of  witchcraft,  or  the  direct  effects  of  evil  agency  as 
one  may  observe  by  referring  to  Rueff 's  work,  De  Conceptio  et  Genemhone  Hoimnis, 
A.D.  1580,  wherein  he  devoted  a  chapter  to  the  question  "An  homines  ex 
dwmonibus  et  rursus  diemones  ex  hominibus  infantes  concipere  possunt  !>  And 
here  he  o-ravely  arrived  at  the  conclusion  that  these  monstrosities  had  not  really 
demons  for  their  fathers.  Even  at  the  present  clay,  in  some  portions  of  Hindustan, 
the  natives  deem  it  no  crime  to  destroy  such  creatures  at  the  time  of,  or 
shortly  after  their  birth,  as  they  hold  contrary  views  to  the  conclusions  arrived  at 
by  Rueff.  Individuals  of  great  intellect  as  Aldrovandus,  Ambrose  Pare,  and  many 
other  illustrious  men  have  held  that  these  monsters  being  presages  of  Uivine 
vencreance,  were  sent  into  the  world  in  order  to  warn  people  of  impending 
disasters,  and  Lvcosthenes  went  so  far  as  to  add  pictures  to  his  descriptions  ot 
each  variety  of  monsters,  and  which  lie  believed  showed  the  calamity  which  its 
birth  was  intended  to  foretell.  l-     ±   i 

Vrolik  observed  that  monstrosities  were  most  numerous  among  domesticated 
animals,  but  "  they  seldom  happen  among  Reptilia,  still  less  frequently  among 
Fishes,  Molluscs,  Articulata,  and  Radiata."  Thompson  remarked  that  they  do 
not  come  by  chance,  but  the  laws  regulating  their  occurrence  arc  still  undiscovered, 
while  monsters  in  a  wild  state  have  less  chance  of  survival  than  perfect  animals, 
being  more  or  less  unable  to  escape  from  their  enemies.  , 

The  period  at  which  original  malformations  commence,  may  be  at  or  prior  to 
the  time  of  fertilization  of  the  ovum,  for  they  may  be  congenital  or  acquired 
Or  it  may  be  some  cause  affecting  the  development  of  the  embryo  from  its  earliest 
stage  subsequent  to  fertilization ;  and  these  last  may  be  again  subdivided  into 
causes  affecting  the  development  of  the  embryo  or  foetus  from  withm,  or  such  as 
accidents,  &c.,  which  may  occur  from  without. 

It  has  been  remarked  in  the  higher  forms  of  vertebrate  life  that  malformations 
or  an  influence  originating  such,  may  exist  in  either  the  ovum  or  spermatozoa 
prior  to  fertilization,  as  was  observed  in  the  case  of  a  female  cat  at  Cheltenham 
possessing  an  abnormal  number  of  toes,  which  were  reproduced  in  her  young 
and  for  several  successive  litters.  Similarly,  the  father  may  be  the  origin  of 
malformations  :  thus  an  otherwise  well-formed  man  has  beenknown  to  procreate 
with  different  women,  children  having  tlie  same  deformity;  or  even  the 
malformation  may  miss  one  generation  to  appear  m  a  subsequent  one.  iJaese 
instances,  which  might  be  increased  indefinitely,  are  only  adduced  to  show  that  the 

*The  observation  "law  of  nature"  simply,  as  Carpenter  ^^^^'^k^'^'  ^.''Pf !f '  \f *u^''^ 
uniformities  in  the  surrounding  universe  which  man  assumes  to  ^^I'^Sf  d  just  so  far  as  they 
have  been  verified,  but  not  necessarily  any  further;  while  it  accounts  for  nothmg  and  explams 
nothing. 
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elements  of  deformity  may  be  present  either  in  the  germ  from  the  father*  or  the 
mother,  and  be  communicated  to  the  offspring,  occasioning  hereditary  deformities 
which  may  extend  over  more  than  one  generation. f 

Everyone  who  possesses  even  a  very  limited  acquaintance  with  fish-culture,  must 
be  aware  that  monstrosities  among  the  young  as  they  emerge  from  the  egg  are 
by  no  means  rare,  and  likewise  that  such  can  be  hereditary  as  may  be  seen  in 
the  race  of  gold-fish,  Gyprinus  auratus,  bred  by  fisli-cultuxnsts.  Now  and  again 
we  find  reference  made  to  these  monsters  in  the  public  press  with  surmises  as  to 
their  cause,  and  then  the  matter  drops  until  another  is  recorded  and  furnishes 
material  for  further  discussion.  The  subject,  however,  is  one  that  has  engaged 
the  attention  of  some  of  the  foremost  men  in  science,  and  that  from  almost 
immemorial  ages,  and  if  opinions  are  still  divided  as  to  the  exact  process  of  how 
these  abnormal  forms  arise,  still  very  much  information  on  this  point  may  be 
gleaned  from  the  pages  of  scientific  journals.  I  have,  therefore,  thought  that  it 
might  be  interesting  to  bring  together  some  notes  on  this  subject  which  more 
especially  have  a  bearing  on  the  monstrosities,  and  some  pathological  changes 
as  seen  among  the  young  Salmonidee,  whether  congenital,  or  occurring  during  inter- 
ovarian  life  being  acquired  ;  or  arise  subsequent  to  that  period  and  during  extra- 
ovarian  life.  These  divisions  must  therefore  be  restricted  to  the  embryo  within 
the  ovum,  or  subsequent  to  its  extrusion  ;  while  the  yelk-sac  or  aleviia  stage,  may 
properly  be  referred  to  the  latter  of  these  periods. 

Monsters,  as  a  rule,  succumb  as  soon  as  the  alevin  absorbs  its  yolk-sac,  and 
although  it  has  been  asserted  that  all  the  layings  from  certain  females  produce 
monsters,  I  have  not  as  yet  had  the  opportunity  of  showing  such  an  instance,  but 
have  observed  the  contrary,  e.g.  all  the  young  produced  from  a  mother  with  bull- 
dog deformity  being  perfect. 

The  following  divisions  of  raonstrosities  and  deformities,  as  seen  among  fishes, 
may  be  observed :  (1)  due  to  constiUdional  causes  as  from  young  parents,  hybridi- 
zation, &c.  (2)  Congenital  or  hereditary  caiises^  as  hereditary  monstrosities  such 
as  the  various  races  of  gold  carp.  (3)  Acquired  causes  or  accidental  circumstances 
as  arrest  of  development  or  accidents  to  the  embryo§  prior  to  hatching. 

As  regards  the  effects  of  constitutional  causes  on  the  proportionate  number  of 
monstrosities  and  malformations,  such  appears  to  be  greater  in  hybrid  fish,  or 
when  bred  from  pure  parents,  but  distinct  species,  than  when  the  breed  is  kept 
pure,  or  both  parents  are  of  one  species.  It  thus  seems  clear  that  the  element  or 
cause  of  malformation  must  exist  at  the  period  of,  or  subsequent  to  the  fertilization 
of  the  egg.  As  these  monstrosities,  &c.,  increase  in  hybrids  interbred  with  hybrids, 
if  the  parents  are  very  young,  the  same  results  are  seen  (see  p.  2C5  ante)  ;  and 
the  alevin  may  suffer  from  dropsy  of  the  yelk-sac  (plate  XII,  fig.  IG),  (see 
p.  261  ante). 

*  This  may  be  seen  in  an  excessive  number  of  fingers,  harelip,  etc. 

t  Dr.  E.  Cutler,  llecUcal  JVorld,  188G,  iv,  pp.  18-20,  suggested  that  abnormal  forms  of  sperma- 
tozoa are  sometimes  the  cause  of  teratological  conditions  in  the  children,  and  stated  that 
abnormal  forms  of  the  following  character  have  been  observed  in  the  sperm  of  man.  Spermatozoa 
with  two  or  three  bodies,  with  one  body  and  two  or  three  tails,  with  two  bodies  and  two  tails,  and 
with  two  bodies  and  three  tails.  The  average  proportion  of  these  monstrous  spermatozoa  is 
about  1  in  50,000,  their  movements  are  slower,  but  more  vigorous  than  the  normal  forms. 

Monsters  have  been  considered  to  be  sometimes  formed  by  an  excess  of  development,  one 
fcetus  may  be  contained  within  another  in  almost  every  part,  or  a  more  or  less  developed  rudi- 
ment may  adhere  as  a  tumour  to  the  outer  surface  of  another  body,  and  be  even  covered  by  the 
integument.  Some  have  been  compared  to  parasitic  disease  formed  in  the  interior  of  the  body  of 
the  fa'tus  as  hair  or  teeth,  or  rudiments  of  a  second  foetus  internally  or  adherent  externally. 
Vrolik  mentioned  a  ftetal  calf  being  born,  the  tongue  being  the  sole  developed  portion,  demon- 
strating that  merely  a  single  well-defined  organ  may  be  present. 

J  Gegenbaur  has  divided  atavistic  phenomena,  or  the  reappearance  of  a  more  primitive 
organization,  or  a  reversion  to  a  primary  condition  into  :  (1)  Palajogenetic  if  present  in  the  germ, 
or  by  law  of  inheritance  ;  and  (2)  Neogenetic  if  absent  in  the  germ.  The  existence  of  this  last 
phenomenon  is  denied  by  Mr.  Bland  Sutton  (Five.  ZooJ.  Society,  1886,  p.  551). 

§  It  would,  perhaps,  be  useful  in  this  class  of  fishes,  to  separate  the  embryo  from  the  foetus 
in  description,  but  in  practice  such  would  be  difficult,  for  although  such  might  define  a  period 
before  and  subsequent  to  the  eyed  period,  but  few  would  agree  as  to  the  precise  time  at  which 
such  occurs,  or  what  position  the  alevin  would  hold. 
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As  already  observed,  tliere  are  donbtUss  confrcnilal  or  lieredKary  causes 
oecasioniiin-  luonstrosiiies,  and  wbieb  latter  may  bo  divided  into  double  and  siu<;\o 
ones.  The  chief  hypotheses  whieli  have  been  oiTered  to  account  foi-(loubU"  mon- 
sters arc  (1)  by /W/oji,  or  that  they  liavc  been  formed  fi'om  two  distinct  end)ryos 
Avhieh  have  become  united  or  fused  together.  (2)  By  Jlssion,  or  that  they  havo 
sprung  from  a  single  germ,  whieli  has  doubled  or  become  sub-divided.  (3)  That  the 
germ  itself  was  abnormally  compound  from  the  very  first. 

It  has  been  observed  that  we  may  arrange  these  monsters  as  existing  in  the 
higher  forms  of  vertebrate  animals  in  a  continuous  series  from  such  as  possess  an 
extra  finger  or  too,  to  those  in  which  two  or  oven  three  heads  have  been  present. 
While  the  examination  of  a  large  number  of  specimens  has  led  to  tlie  conclusion 
that  superficial  portions  of  animals  are  more  liable  to  multiplication  than  arc 
internal  organs,  and  those  of  the  upper  or  anterior  half  of  a  body  than  its  inferior 
or  posterior  extremities.* 

If,  however,  ^\c  restrict  ourselves  more  to  fishesf  we  can  observe  monsters  with 
three  heads  (plate  xii,  fig.  11  and  11a),  or  with  two  heads  (plate  xii,  fig.  8),  or 
the  chest  may  likewise  be  doubled  ;  or  twin  fish  completely  developed,  but  pos- 
sessing a  single  yelk-sac  (plate  xii,  fig.  10)  ;  or  only  one  is  completely  developed, 
the  other  being  more  or  less  in  a  rudimentary  condition  (plate  xn,  fig.  G).  Or 
monsters  with  three  or  two  heads  may  only  possess  one  tail  (plate  xii,  fig.  11), 
or  they  may  be  united  by  their  tail  portion  (plate  xii.  fig.  9).  Or  the  head  and 
body  may  be  single  anteriorly,  but  the  tail  portion  may  be  double  (plate  xu,  fig. 
4).  Or  there  may  be  three  eyes  (plate  xii.  fig.  1),  or  even  four,  and  these  may  be 
variously  situated. 

M.  de  Quatrefagest  considered,  An7ials  of  Natural  History,^  xv,  1885,  p.  47, 

*  Among  vertebrates  double  monsters  have  been  thus  divided  :— 1.  Anterior  ditpUcity,  when 
two  bodies  become  adherent  to  one  another  by  their  anterior  surfaces  (as  by  the  sterna).  2. 
Lateral  diq)licity,  as  a  common  thoracic  cavity  :  or  it  may  be  in  two  principal  divisions,  as 
duphcity  of  the  entire  body,  terminating  in  singleness,  or  duplicity  of  the  remammg  entire  body,  but 
the  head  continues  single.  Or  in  some  cases  the  two  heads  begin  to  coalesce:  then  only  one  car 
remains  between  the  adjacent  surfaces  of  the  two  heads  ;  or  both  ears  may  become  lost ;  or  the 
two  adjacent  and  middle  eyes  approximate,  next  there  may  be  only  one  orbit ;  or  union  of  tlie 
heads  •  or  the  head  merely  doubled  in  individual  parts.  The  body  may  be  smgle  in  the  middle,  but 
double  above  and  below;  or  the  body  may  be  single  above  and  double  below.  3.  Lijerwr 
dupUcity,  or  two  bodies  with  their  lower  ends  united,  a  head  above  and  another  below.  4.  F0!<- 
terior  duplicity,  two  bodies  united  by  their  backs,  or  portions  of  them.  5.  Superior  duphnty,  as 
two  children  which  have  been  born  connected  by  their  skulls.  It  has  been  remarked  that  there 
has  been  only  one  triple  human  monster  recorded. 

t  See  M.  Girdwoyn,  PatJioloyie  des  Poi.'isom,  1880.  . 

t  A  commonly  expressed  error  is  that  double-yolked  fowls'  eggs  always  contain  two  embryos, 
and  that  during  incubation  one  generally  develops  to  the  partial  or  entire  destruction  ot  the 
other,  and  that  thus  extra  heads  or  organs  are  produced.  Thompson,  however,  LoMon  and 
Kdinhurqh  Monthly  Journal,  July,  1844,  tried  to  hatch  examples  of  these  eggs  but  failed  ;  in 
some  it  was  evident  that  only  one  yolk  was  productive,  and  it  would  appear  that  double  monsters 
are  not  dependent  upon  double  yolks,  although  it  has  been  thought  that  from  such  possibly  twms 
might  be  produced.  .  ,,      ,  ,^,,     ,„-,       i     ii 

8  M  de  Quatrefages  exhibited  at  the  French  Academy  of  Sciences,  March  19th  18o4,  a  double 
monster  which  he  kept  alive  nearly  two  months;  it  consisted  of  two  fishes  completely  separated 
one  from  the  other,  and  adhering  to  the  opposite  sides  of  a  vitellus,  which  showed  a  deep  notch 
in  the  front.  Of  these  two  fish  the  largest  had  its  face  deformed,  its  eyes  wei^  absent  but  the 
remainder  of  its  body  was  perfect.  The  second  or  smaller  fish  liad  its  head  well  formed,  but  its 
body  was  humped  and  its  tail  twisted.  The  abdominal  veins  (afterwards  converted  into  the  rence 
vortic)  were  in  their  normal  situation,  their  ramifications  spread  over  tlie  whole  surface  ot  the 
vitellus,  communicating  at  their  extremities  with  the  roots  of  the  vitelline  veins,  which  sub- 
sequently form  the  hepatic  veins.  Also  numerous  anastomoses  connected  the  last  ramiiications 
of  the  abdominal  vein  of  each  embryo  with  those  of  the  vitelline  vein  of  the  other,  so  that  a 
continual  interchange  of  blood  took  place.  _        , ,   ^      ,     ,        , 

On  February  I'Jth,  nearly  a  month  after  the  specimen  came  into  M.  Quatrefages  possession, 
and  about  six  weeks  after  exclusion  from  the  egg,  the  two  embryos  were  close  together,  and  reac  y 
to  unite  on  one  side  of  the  abdomen,  while  on  the  other  they  were  still  separated  by  a  considerable 
space  occupied  by  the  vitellus.  The  larger  embryo  had  originally  been  situated  to  the  right  of 
the  vitellus,  but  had  become  superior,  lying  somewhat  across  the  smaller  and  more  deformed 
individual,  which  it  carried  about  with  it.  .       -^    i.    i  u         t^,.^.r.A  y.-^ 

M.  de  Quatrefages,  as  well  as  M.  Serres,  concluded  that  this  monstrosity  had  been  foimed  by 
the  coalescence  or  fusion  of  two  originally  distinct  embryos,  and  that  the  vitellus  from  which  it 

io 
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that  these  double  monsters  are  formed  by  a  coalescence  of  two  originally  distinct 
embryos,  and  that  the  vitellus  from  which  his  had  been  developed  had  also  been 
doiible,  the  point  of  junction  being  in  his  opinion  indicated  by  a  deep  notch  at 
the  anterior  part  of  the  vitellus.  He  also  thought  that  certain  living  alevin 
monsters  upheld  his  opinion.  On  the  other  hand,  M.  Coste  believed  that  the  vitellus 
was  invariably  single,  and  that  the  circulation  in  double  monsters  was  common 
to  the  two  embryos.*  Thompson  observed  a  double  primitive  groove  in  a  single 
ovum  which  would  probably  have  developed  into  a  double  monster. 

M.  Lereboullet's  observationsf  appeared  to  demonstrate  that  double  monsters 

had  been  developed,  had  likewise  been  double,  the  point  of  junction  being  indicated  by  the  deep 
notch  in  the  anterior  part  of  the  vitellus,  which  has  been  already  referred  to. 

*  M.  Coste  asserted  that  the  incubation  in  double  monsters  was  common  to  the  two  embryos, 
that  the  greater  part  of  the  blood  which  had  circulated  in  the  body  of  one  passed  into  the  vessels 
of  the  umbilical  vesicle  (abdominal  vein),  whence  the  greater  portion  of  it  was  carried  by  the 
vitelline  vein  to  the  auricle  of  the  other  embryo,  and  so  on,  and  that,  in  accordance  with  this 
reciprocal  circulation,  the  contractions  of  the  two  ventricles  takes  place  alternately.  (M.  Quatre- 
fages  believed  that  he  did  not  find  this  to  be  the  case  in  the  two  instances  observed  by  him.) 

M.  Coste  maintained  that  in  double  monsters  there  was  only  a  single  vitellus  and  umbilical 
vesicle,  because  at  whatever  age  these  monsters  were  examined,  the  vesicle  was  invariably  simple, 
a  view  further  supported  by  the  condition  of  the  circulation.  That  as  the  external  lamina  of  the 
umbilical  vesicle  formed  a  common  abdominal  wall,  enclosing  the  vitellus,  it  was  impossible  to 
regard  the  two  embryos  as  distinct  individuals  developed  at  the  poles  of  a  double  vitellus,  and 
becoming  coalescent  at  a  late  period  of  their  youth,  as  they  were  actually  united  from  the  first  into 
a  single  organism  by  this  membrane,  and  their  subsequent  union  was  effected  by  the  gradual  con- 
traction of  this  membrane  as  the  vitellus  became  absorbed.  This  conjugation  was  consequently 
a  primordial  phenomenon,  and  of  a  more  intimate  nature  than  one  of  simple  adherence,  as  was 
described  by  M.  Geoffroy  Saint-Hilaire,  wherein  two  chickens,  hatched  from  two  separate  yolks 
contained  in  one  egg,  were  found  to  adhere  to  one  another  by  the  belly. 

f  He  coincided  with  M.  Coste's  views,  and  his  experiments  made  on  the  eggs  of  the  pike, 
Esox  htclus,  showed  that  the  development  of  the  embryo  commenced  at  the  moment  when  the 
blastoderm  had  almost  completely  enclosed  the  vitellus,  by  the  formation  of  a  triangular  tubercle 
on  the  blastodermal  ridge,  and  that  from  this  centre  the  embryonic  fillet  took  its  rise.  In  many 
cases  this  ridge  of  the  blastoderm  bears  two  tubercles,  from  each  of  which  an  embryonic  fillet 
was  produced,  and  the  further  development  of  these  gave  rise  to  double  embryos  of  various  kinds. 
He  found  that  the  formation  of  monsters  could  be  determined  at  pleasure  by  placing  the  eggs  in 
unfavourable  conditions  for  development.  He  described  the  formation  of  several  varieties  of 
these  double  monsters.  (1.)  In  some  two  tubercles  budded  out  from  the  margin  of  the  blastoderm, 
from  each  of  which  proceeded  a  fillet,  furnished  with  a  dorsal  furrow,  forming  two  embryos 
adhering  to  the  marginal  ridge.  Soon  afterwards  the  divisions  of  the  vertebra^  appeared,  the 
external  ones  having  their  ordinary  form  and  dimensions,  while  the  internal  gradually  became 
confused,  passing  from  the  body  of  one  embryo  to  that  of  the  other,  thus  causing  the  partial 
amalgamation  of  the  two  embryos.  In  this  way  a  double  fish  was  formed,  arising  from  two 
primitive  germinating  points,  in'oduced  on  the  blastodermal  ridge,  so  as  to  become  partially 
joined  ;  it  had  therefore  two  sei^arate  bodies  with  a  common  tail. 

(2.)  In  other  eggs  the  blastodermal  ridge  gave  rise  to  a  long  and  broad  fillet  terminating 
anteriorly  by  two  rounded  lobes.  Tiro  parallel  furrows  appeared  in  the  fillet  and  soon  developed 
the  vertebral  divisions,  while  the  anterior  lobes  acquired  a  determinate  form,  and  each  produced 
two  ocular  vesicles,  constituting  a  single  body  with  two  distinct  heads.  In  these  cases,  however, 
the  duplicity  was  transitory :  the  two  heads  soon  came  into  contact,  and  became  fused  together  in 
such  a  manner  as  to  form  only  a  single  head.  The  mode  in  which  this  fusion  occurred  he  had 
been  unable  to  ascertain.     In  some  cases  the  two  heads  appeared  to  remain  distinct. 

(3.)  Some  embryos  had  a  single  head,  two  separate  bodies,  and  one  or  two  tails ;  they  were 
thus  formed  : — The  ridge  of  the  blastoderm,  which  had  the  form  of  a  gaping  button-hole, 
produced  a  single  cephalic  tubercle,  but  the  formative  process  goes  on  in  the  whole  circum- 
ference of  the  margin,  each  half  of  which  acquires  a  chorda  dorsalis  and  a  nervous  cord,  and  soon 
exhibits  the  divisions  of  the  vertebrte.  When  the  cephalic  tubercle  was  short,  and  merely  gave 
origin  to  the  true  head,  each  of  the  two  bodies  was  furnished  with  two  auditory  capsules,  two 
pectoral  fins,  and  a  heart ;  but  when  this  tubercle  was  more  elongated  the  anterior  part  of  the 
body  was  simple  and  bore  two  eyes,  two  auditory  capsules  and  a  single  heart,  and  the  body 
terminated  posteriorly  in  two  short  branches. 

(4.)  This  organization  of  the  ridge  of  theblastoderm  into  a  double  embryo,  seemed  to  explain 
the  formation  of  a  simple  embryo,  bearing  on  the  right  side  of  its  body  a  small  tubercle  directed 
backwards  and  terminated  by  an  auditory  tubercle  and  an  active  heart.  Here  the  resorption  of 
the  parts  of  the  body  j)osterior  to  the  heart  in  one  of  the  embryos  was  considered  the  reason, 
while  he  witnessed  the  comjDlete  disappearance  of  one  of  the  bodies  in  the  other  instance. 

(5.)  In  another  egg  the  ridge  of  the  blastoderm  showed  two  contiguous  tubercles,  one  of  which 
had  the  ordinary  form  of  the  cephalic  tubercle,  while  the  other  was  smaller  and  irregular.  The 
first  alone  acquired  a  furrow,  and  gave  rise  to  an  embryo,  on  one  side  of  which  the  smaller 
tubercle  was  borne. 
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were  produced  by  fusion  of  two  embryos,  aiul  ilio  theory  that  attributed  a  separate 
vitellus  to  eaeh  embryo  was  ineorreet.  He  believed  there  was  only  a  sin<rle  <^i'rin, 
but  that  this,  by  beeoming  develojied  in  two  directions,  instead  of  one  (as  normally), 
gave  rise  to  two  more  or  less  distinct  embryos.  That  the  blastodcrnial  ridge  plays 
a  most  important  part  in  the  formation  of  these  embryos,  and  in  fact  constitutes 
the  "  true  embryonic  germ,  which  is  always  simple  and  single,  like  the  vitellus 
Avhich  is  covered  by  the  blastoderm,  but  when  its  development  is  deranged  from 
its  regular  course,  is  capable  of  vegetating  like  the  substance  of  which  the  bodies 
of  polypes  are  composed,  so  as  to  produce  various  forms,  which  however,^  in  their 
subsequent  development,  always  show  a  tendency  to  return  to  the  original  typo 
of  the  species." 

Vrolik  likewise  remarked,  as  an  objection  against  the  hypothesis  of  fusion  of 
two  originally  perfect  and  separate  embryos,  that  double  monsters  "  form  one 
series,  among  whose  several  members  the  degrees  and  modes  of  deviation  from 
singleness  gradually  increase,  and  pass  without  one  abrupt  stepfrom  the  addition 
of  a  single  ill-developed  limb,  to  the  nearly  complete  formation  of  two  perfect 
beings."  He  considered  one  germ  being  provided  with  an  excess  of  formative 
power  becomes  the  canse  and  origin  of  every  double  monster.  In  fact,  we  do  not 
see  fusion,  but  an  excess  or  irregular  distrilmtion  of  developmental  power,  and 
instances  of  singleness  tending  towards  reduplication  and  not  of  reduplication  to 
singleness. 

Valentin  concluded  that  an  injury  inflicted  on  the  caudal  extremity  of  an 
embryo  on  the  second  day,  had  been  found  on  the  fifth  to  have  produced  the  rudi- 
ments of  a  double  pelvis  and  four  inferior  extremities.  But  Vrolik  said,  if  we  admit 
this  cause  for  those  large  and  principal  types,  we  must  acknowledge  that  such  is 
insufficient  to  account  for  those  cases  in  which,  the  body  remaining  single,  some 
parts  are  double,  and  here  excess  of  formative  power  is  the  sole  explanation  we 
can  offer.  In  many  double  monsters  there  may  be  excess  in  one  part  and  defect 
in  another,  the  power  being  more  or  less  excessive  in  quantity  and  being  also 
wrongly  distributed.  "  It  is  not  impossible,"  observed  Vrolik,  "  that  excess  of 
power  'in  the  ovum,  which  all  admit  can  alone  explain  the  lower  degrees  of 
duplicity,  may,  in  proportionally  higher  degrees,  perhaps  by  the  formation  of  two 
primitive  grooves,  produce  the  most  complete  double  monster,  or  even  two  such 
separate  individuals  as  are  sometimes  found  within  a  single  amnion." 

The  eyes  may  be  modified  in  various  ways,  for  some  fish  arc  born  blind  owing 
to  entire  absence  of  the  eyeball,  or  it  may  be  present  on  one  side  of  the  head  but 
not  on  the  other.  In  many  cases  the  eyeball  may  be  present,  but  in  a  more  or  less 
rudimentary  or  abnormal  condition.  Or  there  may  be  a  single  eye  situated  on  or 
near  the  top  of  the  head.  Two  eyes  may  be  merged  into  one,  or  we  may  have 
three  eyes,  or  even  four  eyes  on  one  head  (plate  xii,  fig.  1  and  la),  while  m  sucli 
as  have  additional  heads  the  eyes  may  be  normal  in  each,  or,  as  in  the  exaniple 
figured  (plate  xii,  fig.  11),  one  eye  may  be  absent  from  one  of  the  heads;  while _a 
double  optic  nerve  has  been  observed  with  a  single  eyeball,  or  even  a  single  optic 

((•).)  Sometimes  three  heads  were  present,  one  of  these  was  thus  described  by  M.  liereboullet.  It 
was  a  double  embryo,  composed  of  two  bodies  united  behind,  but  ciuite  free  ni  front.  One  of  these 
bodies  was  of  the  normal  form ;  the  other  bore  two  heads,  of  which  that  on  the  left  was  of  the 
normal  form  and  furnished  with  two  eyes,  while  that  on  the  right  only  bore  the  right  eye,  the 
union  of  the  two  heads  being  effected  at  the  point  where  the  left  eye  ought  to  have  been,  ilus 
embryo  was  still  within  the  egg  wheu  described ;  it  had  two  hearts,  one  common  to  the  two 
principal  bodies,  situated  at  their  bifurcation,  the  other  placed  m  the  angle  of  union  of  the  two 
heads  He  considered  that  two  fillets  had  been  formed,  one  of  which  had  been  terminated  by 
two  cephalic  lobes  and  acquired  two  furrows  (as  iu  no.  2),  while  the  other  contined  simple. 
These  two  embryos  thus  united  posteriorly  (as  iu  no.  1)  producing  an  embryo  with  one  tail,  two 
bodies,  and  three  heads.  ,       ,       ^  .         ii       •  i 

(7  When  the  development  of  the  egg  was  retarded  by  means  of  a  low  temperature,  the  rulge 
of  the  blastoderm  produced  no  embryo,  but  contracted  gradually  like  the  opening  of  a  bag,  its 
substance  became  condensed  and  formed  a  mammillated  tubercle  projecting  from  the  surface  of 
the  vitellus.  This  tubercle  continued  living,  rose  more  and  more  from  the  surface,  acquired  a 
lin^uate  form,  and  at  last  constituted  an  elongated  body,  narrowed  in  front,  divided  transversely 
into  vertebral  lamelLo?,  xcithout  dorsal  chord  or  sensitive  organs,  but  furnished  with  a  heart  of  which 
the  contractions  were  sometimes  very  lively. 

io   * 
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nei've  witli  a  double  eyeball,  or  tbe  nerves  may  be  present  but  the  eye  absent. 
How  these  additional  eyes  have  been  developed  has  been  a  cause  of  dispute.* 

The  types  of  simple  monsters  may  generally  be  classed  under  one  cause,  arrest 
of  developmentf  occurring  in  the  normal  course  of  embryonic  life.  And  these 
may  be  shown  in  the  head  wherein  the  eyes,  mouth,  upper  jaw,  lower  jaw,  or 
opercles  may  be  affected  :  or  the  body  as  in  some  j)ortion  of  the  vertebral  column, 
or  in  the  fins  which  may  be  shortened,  lengthened,  or  the  rays  in  an  abnormal 
condition. 

Sometimes  the  upper  jaw  is  the  shorter,  sometimes  the  lower,  as  may  be  seen 
figured  in  plate  xii,  and  these  monstrosities,  especially  the  latter,  are  common 
among  hybrids  and  fish  raised  from  young  parents.  Although  these  monstrosities 
may  be  occasioned  by  increased  growth,  they  are  more  commonly  due  to  the  arrest 
of  development  in  some  of  the  bones  of  the  head. 

The  bull-dog  deformity  of  the  snout  or  an  arrest  of  development  in  the 
premasillaries  (plate  xii,  fig.  19)  is  by  no  means  rare,  more  especially  in  fishes 
raised  by  the  fish-culturist.  The  example  figured  was  sent  me  from  a  burn  near 
Perth,  but  I  have  also  examples  of  fontinaJis  from  Howietoun  with  a  similar 
deformity,  one  of  which  was  a  female,  from  it  many  eggs  were  obtained,  but  none 
of  the  young  were  thus  malformed,  it  not  being  inherited.  | 

There  may  be  an  apparently  shortened  lower  jaw,  as  is  more  commonly  seen 
in  h3'brids  or  in  fish  artificially  raised,  than  in  those  in  their  natural  condition. 
Many,  however,  do  not  seem  to  be  born  thus,  and  at  Howietoun  it  has  been 
observed  to  be  most  common  in  such  as  are  kept  in  wooden  tanks,  and  supposed 
to   be  owing  to  their  using    their   lower   jaws  with  injurious  force   against  the 

*  M.  Camille  Dareste  {Arch.  Zool.  ExpCr.  et  Gen.  v,  1876)  entered  very  fully  into  this  question, 
least,  among  the  higher  vertebrates.  The  type  of  monsters,  as  he  observed,  which  appear  first  in 
the  embryonic  evolution  is  that  characterized  by  an  arrest  of  development  in  the  head,  which  shows 
neither  eyes,  nose,  or  buccal  ai^paratus.  This  is  rather  rare.  The  head  consists  of  a  single  bud, 
presenting  in  its  lower  part  a  cul-de-sac,  the  pharynx.  He  had  observed,  in  fact,  a  great  number 
of  times,  very  diverse  anomalies  of  the  primitive  groove  in  the  region  of  the  head.  In  many  of 
these  he  saw  that  the  primitive  groove  had  not  attained  to  the  anterior  extremity  of  the  head. 
It  is  evident  that  under  such  conditions  the  anterior  cerebral  vesicle  and  the  ocular  vesicle 
which  are  dependent  on  it,  cannot  be  formed  ;  or  else  that  the  vesicle  is  incompletely  formed  and 
becomes  constituted  as  a  simj^le  rudiment.  If  the  embryo  continues  to  develop  it  presents  the 
fundamental  character  of  an  undeveloped  head. 

The  next  type,  Cyclops,  or  a  single  eye  in  the  median  line  of  the  face,  or  formed  of  two 
conjoined  into  one,  or  two  eyes  in  one  orbital  space,  or  even  in  two  orbits  jjlaced  very  close 
together  or  nearer  than  in  a  natural  state,  are  merely  degrees  of  one  type.  Geoffroy  Saint- 
Hilaire,  relying  solely  on  the  study  of  these  monsters  themselves,  gave  an  account  of  cyclops 
formed  by  atrophy  of  the  nasal  apparatus  and  a  more  or  less  complete  fusion  of  the  eyes.  Husche, 
on  the  contrary,  began  by  observations  of  facts  in  embryology,  and  explained  all  these  forms  of 
Cyclops  by  an  arrest  of  development.  He  believed  that  he  had  observed  the  ocular  apparatus  was 
single  in  its  origin,  and  formed  a  vesicle  situated  at  the  extremity  of  the  cerebro- spinal  tube 
immediately  in  front  of  the  first  cerebral  vesicle.  This  single  ocular  vesicle  enlarged  in  size 
transversely,  and  then  divided  into  two  parts  and  finished  by  constituting  two  distinct  ocular 
vesicles,  and  situated  on  the  two  sides  of  the  head.  The  interspace  between  the  two  ocular 
vesicles  became  occupied,  little  by  little,  by  a  prolongation  of  the  cerebro-spinal  tube,  which  first 
formed  the  vesicle  of  the  third  ventricle,  afterwards  the  vesicle  of  the  cerebral  hemisphere. 

M.  Dareste,  however,  considered  that  the  ocular  vesicles  are  separated  from  their  first 
appearance,  and  that  the  cyclops  is  not  the  persistence  of  certain  embryonic  conditions  but  an 
arrest  of  development. 

t  One  very  general  cause  of  malformation  is  attributed  to  impeded  circulation  in  the  f(i?tus, 
possibly  first  through  the  circulation,  and  subse(iuently  through  the  nervous  system.  Vrolik 
remarked  that  "  I  presume  to  conclude  that  no  malformation  whatever  proceeds  from  a  central 
system,  but  is  occasioned  merely  by  impeded  development,  the  cause  of  which  remains  concealed. 
This  impediment  may  be  confined  to  one  part,  or  may  be  extended  over  more."  Abnormal 
development  gives  monsters  wherein  there  is  a  deficiency  if  impeded,  and  excessive  formation 
when  such  is  in  excess. 

+  Mr.  Eagle-Clarke  sent  me,  13th  November,  1885,  a  specimen  of  trout  from  Penyghent  {see 
Yorkshire  Vertehrata,  p.  127),  with  the  under  jaw  projecting  beyond  the  upper.  All  the  fish  in 
the  beck  (which  is  on  the  mountain  side  and  has  only  a  course  of  a  short  half  mile,  when  it 
disappears  into  a  deep  abyss  in  the  limestone),  are  of  the  same  variety,  and  locally  termed 
"  ground  trout." 

The  late  Mr.  Arthur  writing  from  Dunedin,  April  2nd,  1885,  remarked  of  Lochleven  trout 
which  arrived  in  New  Zealand  "  a  year  ago,  a  Government  lot,  have  developed  a  singular  deformity 
in  the  shortening  of  the  lower  jaw." 
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bitlcs  uccasiuuiny   souu"    ik'K'tt'rit)iis   i-11Vcf.      Soiiioliincs  the  lowci-  jaw  is  twistutl 
round  to  one  sitle,  and  may  likewise  be  lengthened. 

Among  single  monsters  the  tail  fin  may  be  more  or  less  horizontal  like  that 
of  a  shrimp  (plate  xii,  tig.  o),  or  the  body  may  bo  curved  so  as  to  form  a  circle 
round  the  yelk-sac  (plate  xii,  iig.  12),  or  laterally  (plate  xii,  lig.  1'.^).  Or  the 
head  may  bo  much  developed  Avhile  the  remainder  of  the  body  is  rudimentary  and 
much  resembles  a  tadpole.     The  head  may  be  variously  malformed. 

In  some  forms  wo  may  observe  distinct  pathological  changes  in  the  spinal 
column  as  has  been  observed  by  several  authors  as  "  The  Hog-backed  trout  of 
Plinlimmon,"  Camhriihje  Quart.  Mikj.   1833,  p.  391  ;   Cobbold,  Edinh.  Nno  Phil. 
Jour.    ii.    1855,    plate   vi.      In   plate    xii,    lig.    12     is     the    (igure    of    a    young 
trout     in    which     the    spinal    column    is    bent     into     an    almost    semi-circular 
form   and   is    of  very  great   interest.      It  has    been   observed   among  the  eggs 
transmitted    to    long  distances  tliat    there   are    always  some  alevins  born  with 
spines     curved    into    a    more     or   less    circular    form.        Attempting    to   swim 
they   go    round    like     dancing     dervishes     and    die     on  the    absorption  of    the 
yelk- sac.       If,    however,    they   are     malformed     to    a     lesser     extent   we    find 
spinal   disease  and  a  hunch-backed  fish   resulting.       In     1747   Mr.   Barrington 
sent  a  paper  to  the  Royal  Society  on  the  Hog-backed  Trout  of  Flinlimmon.     He 
remarked  that  they  occurred  in  watersheds  wlicrc  there  were  considerable  falls, 
and  theoretically  it  seemed  probable  that  suck  might  be  occasioned  by  injuries 
occurring   to  the  embryo,   and   in    188G    I   tried   what  would   be_  the  effects  of 
concussion  on  eggs  and  their  contents*   (see  p.  41  a^ite),  and  while  the  embryo 
was  still  unhatciied  :  and  assisted  by  Mr.  S.  Wethered,  F.G.S.,  we  ascertained  that 
concussion  had  occasioned  spinal  injury  (plate  xii,  fig.  15).     In  accordance  with 
its  extent  the  young  fish  has  curvature  of  this  portion  of  the  body,  and  in  the 
slio-htest  cases  they  recover  but  with  shortening  of  the  spinal  column,  occasioning 
hog-backed  deformity  (plate  xii,  fig.  14). 

*  The  concussion  of  water  falling  from  an  elevation  would  act  very  similarly  to  the  eggs  being 
dropped  from  a  height  and  might  occasion  spinal  irritation  with  subsetiuent  disease  and  absorption 
of  the  bodies  of  the  vertebras  thus  reducing  the  length  of  the  spinal  column  as  figured,  and,  as  is 
also  very  commonly  seen  in  members  of  the  cod  family,  but  in  nature  these  are  soon  eaten  up. 
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Genus  2  : — Thymallus,  Guvier. 

Bmncliiostegals  seven  to  ten:  'psendohranchioi  ivell  dereloped.  Body  someivlmt 
elongated  and  compressed.  Gape  of  month  small :  maxilla  short,  rarely  extending 
to  beneath  the  middle  of  the  orbit.  Minute  teeth  on  the  jaws,  near  the  head  of  the 
vomer,  and  on  the  palatines  :  none  on  the  tongue.  First  dorsal  ivith  many  rays 
(20-24  rays)  ;  second  dorsal  fin  adipose  :  caudal  forlccd.  Stomach  siphonal.  Scales 
rather  large.  Lateral-line'  v)ell  marhed.  Gcecal  appendages  rather  numerous. 
Air-bladder  very  large. 

Geographical  distribution. — In  the  nortLern  hemisphere,  generally  restricted  to 
fresh  waters  :  in  Europe,  it  appears  to  prefer  cold  and  mountainous  streams  to 
more  temperate  climes,  and  abounds  in  Scandinavia  and  Lapland,  the  east  of 
France  and  the  north  of  Italy. 

The  Grayling,  Plate  X,  fig.  1. 

Thymalhis  sen  Thymus,  Belon.  De  Aquat.  p.  184;  Salvian.  fol.  81,  t.  xvi ; 
Rondel,  ii,  p.  187;  Gesner,  pp.  978,  979;  Aklrov.  v,  c.  14,  p.  594;  Jonston,  iii, 
tit.  i,  c.  3,  p.  128,  t.  xxvi,  f.  3,  4,  and  t.  xxxi,  f.  G;  Willoughby,  p.  187,  t.  N.  8; 
Ray,  p.  62.  Coregonus,  no.  3,  Artedi,  Synon.  p.  20,  Genera,  p.  10,  Species,  p.  41. 
Salmo,  Gronov.  Zooph.  no.  375.  Trutta,  Klein,  Pise.  MSS.  v,  p.  21,  no.  15,  t.  iv, 
f.  5.  Grayling,  Pennant,  Brit.  Zool.  (Ed.  1776)  iii,  p.  311,  pi.  Ixi  (Ed.  1812),  iii. 
p.  414,  pi.  Ixxii ;  Low,  Fauna  Oread,  p.  224  ;  Davy,  Salmonia,  1832,  p.  198  ; 
Duhamel,  Peehes,  ii,  p.  218,  pi.  iii,  f.  2. 

Salmo  tliymallus,  Lin.  Syst.  Nat.  i,  p.  512  ;  Bloch,  Fische  Deuts.  i,  p.  158, 
t.  xxiv  ;  Gmel.  Linn.  p.  1379  ;  Bonn.  Ency.  Ich.  p.  167,  pi.  Ixix  ;  Bl.  Schn.  p.  410; 
Donovan,  Brit.  Fish,  v,  pi.  Ixxxviii  ;  Pall.  Zoo.  Ross.-As.  iii,  p.  364;  Turton,  Brit. 
Fauna,  p.  104 ;   Gronov.  ed.  Gray,  p.  153. 

Salmo  thymus,  Bonnaterre,  1.  c.  p.  167. 

Coregomts  thymalhis,  Lacep.  v,  p.  254;  Fleni.  Brit.  An.  p.  181;  Jurine,  Poiss. 
Lac  Leman,  page  179,  pi.  v. 

Thymallus  vulgaris,  Nilss.  Prod.  Ich.  Scan.  p.  13,  and  Skand.  Fauna  Fisk. 
p.  447  ;  Jenyns,  Manual,  p.  430  ;  Bonap.  Peso.  Eur.  p.  23  ;  Kroyei^  Dan.  Fisk.  iii, 
p.  35,  c.  fig. ;  Yarrell,  Brit.  Fishes  (ed.  1),  ii,  p.  79,  c.  fig.  (ed.  2),  ii,  p.  136 
(cd.  3),  i,  p.  304 ;  White,  Catal.  p.  80  ;  Thompson,  Nat.  Hist.  Ireland,  iv,  p.  167  ; 
Schlcgel,  de  Dier.  Ned.  p.  133  ;  Siebold,  Sus.  w^  f.  Mit.  Eur.  p.  267  ;  Giinthcr, 
Catal.vi,  p.  200 ;  J.  Warnimont,  Pub.  de  I'lnst.  de  Luxen.  xi,  pp.  1-48 ;  Collett, 
Norgcs  Fiskc.  p.  171;  Feddersen,  p.  78;  Canestrini,  Fauna  Italia,  Pesc.  p.  23; 
Houghton,  Brit.  F.  W.  Fish.  p.  149,  c.  fig. ;  Moreau,  Poiss.  France,  iii,  p.  543 ; 
Giglioli,  Cat.  Pesc.  Ital.  p.  42;  Day,  British  and  Irish  Fish,  ii,  p.  131,  plate 
cxxiv. 

Thymallus  vexillifer,  Agass.  Mem.  Soc.  Sc.  Nat.  Neuch.  i,  t.  B,  t.  D,  f.  5-8,  and 
Poiss.  d'eau  douce,  pis.  xvi,  xvii,  xviia ;  Cuv.  and  Val.  xxi,  p.  438;  Heckel  and 
Kner,  Suss.  w.  f.  p.  242  ;  Blanchard,  Poiss.  des  eaux  douces,  France,  p.  437, 
f.  113. 

Thymalus  gymnothorax,  Cuv.  and  Val.  xxi,  p.  445,  pi.  625  ;  Giinthcr,  Fische  des 
Neckars,  p.  li7. 

Grayling,  Coach,  Fish.  Brit.  Isles,  iv,  p.  280,  pi.  ccxxviii. 

B.  vii-x,  D.  20-24  (xKf 9)  1  0,  P.  15-16,  V.  10-11,  A.  11-14  (-^.v%),  C  21, 
L.  1.  75-85,  L.  tr.  ^fifg,  Ctec.  pyl.  22-30,  Vert.  39/22. 

Length  of  head  5^  to  6,  of  caudal  fin  6,  height  of  body  4^  to  5  in  the  total 
length.     iiJt/es— diameter  of  each  4  in  the  length  of  the  head,  Ij  diameters  from 
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tho  cud  of  tlic  snout,  and  about  the  .sanio  distance  apart;  i)upil  puar-sliapcd  or 
transversely  oval.  Its  form  is  rather  elongated  and  very  graceful ;  dorsal  profile 
more  curved  than  the  abdominal.  Upper  jaw  very  slightly  the  longer;  the  pos- 
terior extremity  of  the  maxilla  reaches  to  beneath  the  anterior  edge  or  first  third 
of  the  orbit.  Tveth — line  ones  in  the  jaws,  near  the  head  of  the  vomer,  and  on  the 
anterior  portion  of  the  palatines  ;  none  on  the  tongue.  Fins — these  vary  with  tho 
sex,  the  last  dorsal  rays  are  somewhat  produced  in  adults.  The  first  dor.sal  fin 
commences  midway  between  the  end  of  the  snout  and  on  a  line  above  the  front 
edge  of  the  anal  iin,  the  height  of  its  rays  being  about  two-thirds  of  that  of  tho 
body  below  it.  Pectoral  inserted  in  the  lower  fourth  of  the  height,  and  as  long  as 
the  head  excluding  the  snout.  Ventrals  situated  beneath  the  middle  of  the  rayed 
dorsal  fin,  and  comparatively  small,  terminating  on  a  line  below  the  hind  edge  of 
the  adipose  dorsal.  Caudal  forked.  Scales — in  regular  rows,  some  small  ones 
being  present  over  the  basal  poi'tion  of  the  caudal  fin.  The  chest,  or  that  portion 
of  it  as  far  as  the  pectoral  fin,  may  bo  entirely  destitute  of  scales  or  else  scaled. 
In  the  example  figured  there  were  thirty  rather  short  cajcal  appendages. 
Walls  of  the  stomach  thickened.  Intestines — with  about  17  transverse  valves, 
rather  more  complete  than  in  examples  of  Salmo.  Colours — these  during  life  are 
beautifully  changeable  ;  head  of  a  bluish  purple  and  a  golden  tinge  along  the  back, 
while  the  horizontal  lines  along  the  body  arc  dark,  and  each  of  the  scales  has  a 
golden  tinge.  Dorsal  fins  Avith  purplish  bands  and  ocelli  which  have  a  purplish  red 
centre,  and  there  are  likewise  some  purplish  streaks  along  the  course  of  the  rays, 
Avhile  the  outer  edge  is  likewise  purplish.  Black  spots  scattered  over  the  body, 
occasionally  there  are  some  on  the  fins.  In  some  specimens  spots  are  absent, 
which,  though  rare  in  this  country,  appear  to  be  more  common  in  France,  as 
Valenciennes  had  many  sucli  examples.  The  brighter  colours  decrease  with  age, 
and  gray  lines  show  themselves  along  each  row  of  scales ;  while  the  young  have 
transverse  bars  or  bands. 

Names.  — Thymallus  was  given  to  this  fish  by  ^lian  and  also  by  Ausonius,  from 
the  fancied  resemblance  of  its  odour  to  that  of  the  water- thy  me,*  upon  which  it 
was  sujiposed  to  feed,  an  odour  which  many  of  the  present  day  fail  to  detect  ;t  and 
others  consider  that  they  can  observe  a  likeness  in  its  smell  when  first  captured  to 
that  of  the  cucumber.  Some  Avho  imagine  they  are  able  to  recognize  this  odour 
have  suggested  that  the  varying  nature  of  its  food  may  cause  the  grayling  to 
occasionally  possess  a  strong  smell  which  at  other  times  is  almost  or  quite  absent. 
Salviani  in  the  sixteenth  century  observed,  that  being  a  swift  swimmer  it  disappears 
like  a  shadoiv,  horn  whence  it  derived  its  name  umhra.  "  Grayling  "  is  said  to  be 
a  corruption  of  Gray  Iin  or  line  referring  to  the  longitudinal  lines  along  its  gray 
body.  Oumer,  Northumberland.  Shutts,  Sheets,  Shott,  or  Shot,  young  in  the  Teme 
as  in  their  second  year.     While  St.  Ambrose  of  Milan  is  recorded  to  have  termed 

*  Br.  IlamiUov  observed  that  it  was  named  from  wild  thyme,  Thymus  serpyUum,  because  the 
water-thyme  is  not  British  and  has  no  smell.  Ausonius,  however,  named  it  after  a  plant  from 
the  Ticino  and  Adige.  Donovan  remarked  that  at  the  beginning  of  last  century  or  earlier,  it  was 
indeed  imagined  by  fanciful  writers  to  subsist,  at  particular  seasons,  on  what  they  denominated 
water-thyme  ;  they  seem  persuaded  the  powerful  aromatic  smell  of  the  fish  was  contracted  from 
this  species  of  food,  an  idea  apparently  borrowed  from  ^Elian. 

f  In  ]r«?fon's  Angler  we  find  it  remarked  that  "some  think  that  he  feeds  on  water-thyme, 
and  smells  of  it  at  his  first  taking  out  of  water  ;  and  they  may  think  so  with  as  good  reason  as 
we  do,  that  our  smelts  smell  like  violets  at  their  being  lirst  caught ;  which  I  think  is  a  truth." 
Fennant  "never  could  perceive  any  particular  smell."  Donovan  likewise  "never  ourselves 
observed  any  such  smell."  Sir  H.  Davy  considered  that  it  had  "  an  agreeable  odour."  r«/c?i- 
ciennes  "  never  remarked  this  thyme-like  odour  in  individuals  which  he  had  seen  alive"  (Vol.  xxi, 
p.  4.S0).  Dr.  Hamilton  asserted,  "  I  can  distinctly  aver  that  most  grayhng,  when  in  season,  liave 
decidedly  a  thymy  smell,  very  different  to  that  of  the  smell  which  has  the  odour  of  cucumber. 
I  think  the  larger  fish,  and  when  not  in  season,  arc  devoid  of  it;  but  in  a  J  lb.  grayling  it  is 
nearly  always  present"  [FisJiing  Gazette,  Feb.  13th,  18SG.)  Mr.  Senior  remarked  {Waterside 
Sketehes),  "  A  fish  taken  from  the  Teme  I  once  thought  had  a  decided  smell  of  cucumber, 
another  from  the  lichen  was  redolent  of  thj-me ;  the  first  which  the  Wharfe  yielded  me  smelt 
of  something  which  the  keeper  said  was  cucumber,  while  I  etpially  maintained  it  was  thyme." 
The  Gyrinu^  natator,  Linn.,  has  so  strong  an  odour,  that,  when  several  of  these  insects  are  collected 
together,  they  may  be  scented  at  a  distance  of  5,  or  6,  or  more  paces  (Roesel).  It  is  to  the 
eating  of  these  insects  that  Mr.  Lloyd  (Scandiv.  Ad.  i,  p.  128),  is  inclined  to  attribute  the 
remarkable  odour  emitted  by  the  grayling. 
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it  the  "  flower  of  fishes."     Aubrey  in  his  MS.  said  that  in  his  days  the  umber  was 
caught  in  the  INfadder,  between  Wilton  and  Salisbury,  &c.     "  This  kind  of  fish 
(he  remarked)  is  found  in  no  other  river  in  England  except  the  Humber  in  York- 
shire.    From  that  river,  therefore,  1  conclude  it  takes  its  name  of  umher  "  (Maton, 
Nat.  Hist,  of  Wilts.).     Cotton,  however,  says  this  name  is  derived  from  its  being 
very  black  about  the  head  and  gills  and  down  the  back,  and  has  its  belly  of  a  dark 
gray  dappled  with  black  when  in  the  season.     One-year-old  fish  are  in  some  places 
kno\vn  as  pinks,  at  about  i  lb.  weight  shot  or  sJnot,  or  those  not  breeding.     Graij- 
ling  or  graxol  is   another  name  for  grilse  in  Lough  Foyle,  Ireland  {J.  Johnstone). 
Brithyll  rhesfrog  and  Glasgavgen,  Welsh.     De  Vlagmlm,  Dutch.      Omhre,  French. 
This  fish  is  another  whose  introduction  has  been  ascribed  to  the  monks,  and 
many  of  the  local  grayling  fisheries  are  found  in  the  vicinity  of  where  monasteries 
formerly  stood,  as  in  the  Ure  near  the  site  of  the  Jervaulx  Abbey.    But  it  would 
be   diflicult  to  convey  this  fish  from  the  continent  with  the  means  then  at  their 
disposal ;  while  in  Kent,  Dorsetshire,  Devonshire,  and  Cornwall,  where  there  were 
many  monasteries,  grayling  ai'e  not  found,  also  it  is  only  this  century  they  have 
been  introduced   into   Scotland,  while  they  have  not  yet  been   acclimatized  in 
Ireland,  but  their  propagation  there  is  about  to  be  tried. 

Habits. — Although  found  in  many  of  our  rivers,  and  in  some  abundantly,  the 
grayling  is  certainly  a  local  fish,  while  at  times  it  appears  to  be  gregarious, 
showing  a  tendency  to  congregate  in  small  shoals,  which  often  drop  down 
stream.  In  this  country  it  would  appear  to  be  strictly  fluviatile  and  fresh-water 
in  its  habits,  never  migrating  to  the  sea;  but  in  Scandinavia  it  is  found  in  lakes 
also  in  the  North  Sea,  Cattegat,  and  Baltic.  Sir  Humphry  Davy  tried  it  in 
brackish  water  but  without  success.  It  prefers  clear  streams,  in  which  there  are 
a  succession  of  sluggish  pools  and  shallows,  with  sandy,  gravelly,  or  loamy  beds, 
rocky  or  stony  bottoms  being  unsuitable.*  The  larger  ones  seem  to  resort  more  to 
the  deeper  and  quiet  spots,  the  moderately-sized  and  small  ones  to  the  shallows, 
taking  their  post  behind  a  rock  or  a  bunch  of  weeds.  Although  clear  streams  are 
preferred,  still  a  moderate  or  cold  temperature  of  the  water  seems  to  be  of 
more  consequence,  but  too  much  cold  or  too  much  heat  are  asserted  to  be  equally 
fatal  to  it.  It  is  not  every  river  that  appears  suited  for  the  grayling,  thus  the 
attempts  to  acclimatize  it  in  the  Thames  do  not  appear,  so  far,  to  have  been  a 
success,  although  a  few  have  been  captured  there.  It  lives  somewhat  deeper  in 
the  water  than  the  trout,t  and  although  in  some  streams  the  two  forms  reside 
together  on  not  unfriendly  terms,  should  food  be  abundant,  such  is  not  invariably 
the  case,  as  in  some  localities  it  is  popularly  said  to  bully  the  trout  :|  it  may  be 

*  Dr.  Hamilton  says,  "  that  grayling  require  rivers  that  are  rather  sluggish  than  swift,  with 
deep  pools  connected  by  moderate  rapids,  subject  to  no  very  great  fluctuations  either  as  regards 
volume  of  water  or  temperature,  and  running  through  limestone  districts  is  far  from  being  the 
right  one.  No  grayling  grows  to  such  a  size  or  increase  faster  than  those  in  our  chalk  streams  ; 
and  no  river  fluctuates  and  changes  its  condition  as  regards  volume  of  water  more  than  the 
Teme." 

t  Although  it  has  been  asserted  that  grayling  do  not  feed  upon  the  eggs  of  the  trout  {gee 
p.  207  note  ante),  Mr.  Currell  (Fialiing  Gazette,  March  6th,  1886)  observed,  "  I  have  seen  a  shoal 
of  grayling  following  the  spawning  trout  and  digging  up  the  gravel,  and  have  seen  the  trout  rush 
open-mouthed  at  them  and  drive  them  off  again  and  again." 

I  The  secretary  to  a  Glaafiow  Aufilinij  Chih  once  wrote  asking  how  to  destroy  grayling,  as  since 
their  introduction  the  trout  tishing  had  very  much  decreased.  In  other  localities,  as  the  Windrush 
in  Gloucestershire,  theCorve  in  Shropshire,  etc.,  the  two  forms  do  not  aj^pear  to  interfere  with  one 
another.  A  correspondent  of  The  Field  (March  24th,  1883)  observed,  "  Last  August  I  had  a  few 
days'  fishing  on  the  Kennet.  I  was  greatly  interested  in  the  history  of  the  Hungerford  Club,  and 
one  of  the  secretaries  (with  whom  I  was  fishing)  furnished  me  with  the  following  facts,  giving  me 
full  permission  to  make  them  public.  In  1877,  when  the  club  was  formed,  the  water  contained  a 
limited  stock  of  very  large  trout,  which  were  rarely  caught  except  in  the  May-fly  season,  but  it 
swarmed  with  coarse  fish  of  all  sorts.  A  war  of  extermination  was  commenced  at  once,  and  it 
has  been  so  systematically  kept  up  ever  since,  that  up  to  the  present  time  the  club  has  killed  2745 
pike,  and  8273  other  coarse  fish  on  their  own  fishery ;  and,  on  the  water  immediately  below  this, 
()96  pike,  and  about  2000  coarse  fish  of  other  kinds.  This  in  itself  is  a  wonderfully  good  work, 
but  it  is  not  all,  for  in  1879  fifteen  brace  of  half-pound  grayling  were  introduced  from  theDerwent, 
together  with  2000  fry.  The  experiment  has  been  watched  with  much  interest,  and  each  periodical 
netting  has  given  evidence  that  the  new  stock  is  rapidly  taking  root.  The  wide,  extensive  shallow 
above  and  below  the  town  bridge  at  Hungerford  is  the  perfection  of  grayling  water ;  and  all  down 
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tliat  being  to  a  great  extent  a  ground  feeilei-,  it  liolps  itseli'  to  tlie  eggs  from  llie 
trout's  redds  while  tlic  trout  is  breeding.  It  is  not  of  a  roving  disposition 
and  generally  limits  its  range  to  -within  a  few  miles:  it  is  generally  reputed  that 
it  cannot  spring  out  of  the  water  like  the  trout,  consequently  it  is  unabh;  to 
surmount  barriers,  a  conclusion  denied  by  Dr.  Hamilton  who  says  it  can  do  so 
•when  hooked,  but  its  large  back  Gn,  aided  by  its  well-developed  air-bladder,  would 
seem  to  show  that  its  formation  is  that  best  adajjted  for  rapidly  rising  or  sinking 
in  the  water.  In  early  spring  months  it  returns  to  deeper  water  and  seems  almost 
to  cease  to  feed,  possibly  due  to  the  nearness  of  its  breeding  season.  It  has  been 
found  to  live  in  newlj'-nuxde  ponds,  constructed  in  hard  .soil,  where,  however,  it  is 
said  not  to  bi-eed,  but  more  investigation  is  required  on  this  question,  as  the  same 
was  formerly  believed  of  the  trout:  old  and  muddy  ponds  are  not  suited  for 
its  existence,  for  there  it  rapidly  succumbs.  It  eats  insects  and  their  larva^, 
small  molluscous  sliell-fish  as  Physa  and  Neriiina,  also  Crustacea,  and  is  fond  of 
the  larvffi  of  the  caddis  fly,  in  swallowing  which  it  likewi.se  takes  in  the 
pieces  of  stick,  stones,  &c.,  which  are  attached  to  them.  But  it  seems  to 
prefer  water-shrimps,  beetles,  spiders,  and  such  food  as  it  can  obtain  at  the  bottom, 
to  the  fly. 

Migrations. — I  have  already  stated  that  occasionally  these  fish  congregate  in 
shoals  and  generally  drop  down  stream,  in  fact,  it  used  to  be  considered  that  they 
never  headed  up.  Mr.  Francis  Francis  (Field,  May  28th,  1881)  observed,  upon 
one  being  taken  in  the  Anton,  continuing,  that  "  only  a  few  years  ago  there  were 
none  much  above  the  sheep's  bridge  at  Houghton.  This  year  there  are  many  in  the 
Machine  Barn  shallow,  two  miles  up ;  but  that  they  should  have  headed  up  some- 
thing like  a  distance  of  ten  miles,  and  out  of  the  Test  into  another  stream,  is 
astonishing."  Mr.Wabram  (Fishing  Gazette,  March  13th,  1886)  remarked  on  having 
found  them  working  both  up  and  down  stream  in  Yorkshire.  Mr.  Brotherston,  of 
Kelso,  obsei'ved  that  this  fish  was  introduced  there  by  the  late  Marquis  of  Lothian, 
and  it  appears  to  be  particularly  suitable  to  its  habits,  as  it  is  increasing  rapidly, 
and  also  spreading  down  into  the  Tweed. 

Breeding. — Generally' spawns  on  the  shallows  in  Api'il  or  May,*  or  even  earlier, 
while  at  a  little  distance  the  eggs  somewhat  resemble  frog-spawn.  Fish  under 
half-a-pound  weight  do  not  appear  as  a  rule  to  spawn,  rendering  it  probable  that 
they  do  not  commence  to  do  so  until  their  third  season,  or  possibly  the  fourth. 
On  February  26th,  1881,  Mr.  Bowie  Evans  sent  me  two  examples  from  Hereford- 
shire, and  I  found  the  ova  almost  ready  for  extrusion  (the  preceding  winter  had 
been  a  very  mild  one).  The  ova  are  smaller  than  those  of  the  trout,  and 
transjDai'ent,  while  the  interior  may  be  white,  opalescent,  cornelian  colour,  or  even 
deep  orange ;  the  eggs  are  deposited  on  the  gravel  near  the  tails  of  shallows,  and 
in  shallow  nests  or  redds,  like  the  salmon,  trout,   or  char,   but  not  to  so  great 

the  broad  water  below  they  are  ah-eady  present  in  sufficient  numbers  for  the  angler  to  come  across 
several  in  one  day.  For  instance,  on  August  IGth,  on  this  water,  I  had  a  brace  of  nice  trout, 
weighing  ^\  lb.,  and  three  grayling,  all  of  which  went  back  again.  But  the  way  in  which  the 
grayling  have  prospered  and  increased  may  be  better  judged  by  the  record  of  the  last  summer's 
netting,  which  shows  that  they  took  and  returned  to  the  water — 

Over  2  lb.  From  1^  lb.  to  2  lb.  From  1  lb.  to  li  lb.  From  J  lb.  to  1  lb. 

6  brace  .  15  brace     .  .  50  brace     .  .  70  brace, 

and  quantities  of  little  ones.  One  fish  of  3^  lb.  has  already  been  found,  and  grayling  have  been 
met  with  at  Newbury,  which  must  be  eight  or  ten  miles  from  Hungerford.  Now,  even  if  there  be 
truth  in  all  the  evil  things  which  are  said  of  grayling,  it  is  quite  certain  that  they  cannot  injure 
the  trout,  in  season  or  out  of  season,  to  anything  like  the  extent  that  the  11,000  coarse  fish  would 
have  done  if  they  had  been  left  unmolested.  Moreover,  the  stock  of  trout  is  increasing  enormously 
on  the  Kennet,  and  the  water  in  some  places  swarms  with  store  fish  (I  put  back  four  brace  one 
day,  only  keeping  two  fish  above  the  12  in.  limit).  Prudent  conservators  of  any  fishery  will 
always  bear  in  mind  that  it  is  quite  possible  to  have  too  many  trout  in  a  river.  However,  in  the 
Kennet  there  is  ample  room  for  a  very  large  and  good  stock  of  both  trout  and  grayling,  and,  in 
another  year  or  two,  anglers  who  have  access  to  this  splendid  river  will  find  that  their  sjjort  is  just 
about  doubled." 

*  The  Rev.  L.  Bagot  (Field,  September  22nd,  188.3)  recorded  the  capture  of  a  half-pound  fish 
in  the  Corve  on  September  5th,  full  of  spawn:  and  Mr.  Webb,  of  Trowbridge,  when  fishing  near 
Salisbury,  on  September  15th,  among  his  captures  of  7i  brace  of  grayling  took  two  of  1^  lb.  each 
which  were  full  of  spawn,  the  smaller  ones  were  quite  clean. 
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a  depth.  Neithei'  do  tliese  fish  cattempt  to  pass  up  to  the  heads  of  streams  for 
breeding  purposes,  but  select  shallow  localities  near  where  they  usually  reside,  and 
where  females  may  be  seen  waited  on  by  two  or  even  three  males.  The  ova  arc 
more  delicate  than  those  of  the  trout  or  char,  and  it  has  been  remarked  in 
Herefordshire  that  should  a  severe  frost  occur  during-  their  spawning  season,  the 
succeeding  year's  supply  of  young  fish  appears  to  be  deleteriously  affected.  The 
body  of  the  embryo  is  visible  in  the  egg  on  the  ninth  day,  and  usually  hatches 
from  about  the  twelfth  to  the  twenty-fifth  day :  due  to  this  rapid  development,  it 
becomes  difficult  to  transmit  eyed  grayling  ova  to  any  distance,  as  but  few  days 
elapse  between  the  appearance  of  the  eyes  of  the  embryo  and  the  eggs  hatching. 
The  young  when  hatched  must  be  kept  in  very  pure  water,  for  that  which  is 
sufficiently  good  for  a  trout  alevin  is  not  always  suitable  for  grayling.  At  the 
hatching  time  the  egg-shells  should  be  at  once  removed  as  they  are  found  to  be 
very  deleterious.  About  the  end  of  July  or  commencement  of  August  the  fry  are 
about  four  or  five  inches  long.  In  aquaria  it  has  been  observed  that  young  salmon 
or  trout  will  readily  cat  young  grayling. 

During  the  breeding  season  the  grayling  loses  much  of  its  natural  timidity  ; 
thus  we  are  told  by  "  Southwest"  in  The  Field,  January  30th,  1886,  that  in  the  Test 
"  About  eighteen  brace  of  gi-ayling  were  removed  on  Wednesda}^,  and  laid  down 
higher  up  the  river,  where  they  will  probably  spawn.  They  were  conveyed  to 
their  destination  in  a  punt  half-filled  with  water,  and  as  a  proof  of  how  little  the 
nerves  of  grayling  are  disturbed  by  the  somewhat  rough  handling  they  must 
receive  from  netting,  I  may  mention  that  one  of  the  fish  in  the  punt  actually  rose 
at  a  tiny  black  fly  that  happened  to  appear  on  the  water  therein.  I  have  noticed 
this  singular  absence  of  fear  on  the  part  of  grayling  on  another  occasion.  Wo  had 
netted  out  a  considerable  number,  and  placed  them  in  an  abandoned  nursery, 
through  which  the  stream  ran.  Certainly  not  more  than  an  hour  after  their 
capture,  they  rose  to  the  flies  just  as  if  nothing  had  happened." 

Hybrids  have  been  raised  between  the  grayling  and  the  trout,  thus  it  was 
stated  in  the  Journal  of  the  French  SocietS  d'Acdimatation  (1877,  p.  495), 
that  grayling  eggs  from  the  Lake  of  Pavia,  were  during  the  months  of  November 
and  December,"  1872,  fertilized  with  the  milt  of  the  salmon-trout,  and  hatched  in 
January,  1873,  at  the  School  of  Fish-culture.  The  alevins  grew  well ;  so  that  at 
G  months  of  age  they  were  3i  in.  long  ;  at  22  months,  7  in.  long  ;  at  32  months, 
11'4  in.  in  length  ;  and  at  42  months,  13'4  in.  long.  They  were  of  a  slate-colour, 
with  greenish  reflections,  having  on  the  back  very  distinct,  large,  and  irregular 
spots  and  blotches  on  a  light  ground,  while  the  abdomen  was  silvery. 

They  bi-ed  at  the  age  of  22  months  and  5  days,  when  it  was  found  that  the 
males  were  already  exhausted,  and  therefore  recourse  was  had  to  trout  milt.  On 
November  16th,  1875,  551  very  fine  eggs  were  obtained  from  a  female 
21  months  and  15  days  old  ;  these  eggs  were  hatched  between  December  30th, 
1875,  and  January  5th,  1876.  The  alevins  were  said  to  have  grown  more  rapidly 
than  trout  of  the  same  age,  and  at  10  months  they  were  from  3|  in.  to  5"9  in.  in 
length.  In  appearance  these  j'Oung  differed  from  the  former  ones  by  their 
coarseness  and  their  habits,  but  par  marks  were  present.  Their  colours  were  very 
similar  to  those  of  their  hybrid  mothers,  being  superiorly  of  a  greenish  tinge  with 
large  blotches  along  the  upper  half  of  the  body,  while  the  abdomen  was  of  a  gray 
slate  colour,  becoming  ashy-white  beneath  ;  adipose  dorsal  fin  clear  yellow.     This 

*  Grayling  eggs  would  seem  to  occasionally  bear  removing  pretty  well.  April  3rd,  1885,  at 
Mr.  Andrew's  fish-culture  establishment  at  Guildford,  I  was  shown  100,000  grajding  eggs  obtained 
the  previous  evening  from  Hampshire  streams.  I  took  twelve  in  a  phial  of  water  to  Loudon,  and 
the  next  day  to  Cheltenham,  and  only  two  died:  their  size  being  0-19  of  an  inch  in  diameter.  On 
the  Gth,  E.  Wethered,  Esq.,  f.g.s.,  was  good  enough  to  offer  to  make  daily  drawings  of  the 
development  of  the  embryo  under  the  microscope  (the  glass-like  walls  of  the  ova  affording 
peculiar  facilities  for  doing  so)  :  and  for  this  purpose  he  took  two  in  a  tumbler  of  water  to  his 
own  house.  The  water  was  changed  twice  a  day,  while  each  ovum  was  daily  removed  to  a 
microscope  cell  and  subsequently  returned  to  the  tumbler ;  one  of  these  hatched  on  April  2'2nd, 
and  the  other  on  the  24th.  On  the  23rd  those  in  my  hatching  house  began  to  hatch,  and  on  the 
28th  all  were  out  but  one  which  could  be  seen  inside  the  egg  slowly  moving  its  pectoral  fins  back- 
wards and  forwards.     By  May  10th  the  alevins  had  absorbed  their  sacs. 
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cross  was  again,  but  unsuccessfully,  tried  at  33  niontlis  and  12  days,  fur  ail  the 
eggs,  4153  in  number,  died. 

March  31st,  1887,  Mr.  Andrews  crossed  female  grayling  -with  trout.  Eggs 
straw-coloxired,  but  not  so  clear  as  graylings  when  I  saw  them  on  April  Gth,  but 
they  did  not  hatch.  The  difficulty  of  hybridizing  grayling  with  trout  milt  arises 
from  two  cli'cumstances — first,  that  trout  breeding  in  many  rivers  has  concluded, 
or  nearly  so,  prior  to  that  of  the  former  fish ;  secondly,  the  size  of  the  gi-ayling 
eggs  is  so  much  smaller  than  those  of  the  trout. 

Means  of  capture. — Netting  similarly  to  that  employed  for  trout,  but  generally 
grayling  is  taken  by  angling  and  employing  line  tackle,  and  this  is  principally 
done  either  wdth  ground-bait,*  or  grasshop])er  (sink  and  draw  plan),  or  by  fly 
fishing,  remembering  that  they  must  be  delicately  handled  as  their  mouths  are 
by  no  means  strong  for  retaining  a  hook.  Althougli,  as  has  been  frequently 
observed,  this  fish  is  to  a  certain  extent  fit  for  eating  all  the  year  round,  it  is  most 
■justly  protected  throughout  the  spawning  months,  while  during  October  and 
November,  into  the  middle  of  January,  it  is  in_  its  prime  for  the  table.  In  the 
Test,  although  the  Houghton  Chib  used  to  open  this  fishing  from  June  1st,  the 
fish  were  generally  in  poor  condition,  but  ready  to  take  almost  any  fly  which  was 
offered:  but  in  July  the  case  became  different,  the  fish  were  in  good  condition 
and  much  more  difficult  to  please.  Still  it  is  generally  considered  that  September 
and  October  are  the  two  best  months  for  the  fly-fisher,  althougli  in  November  they 
will  take  a  fly  or  a  bait,  more  especially  in  the  middle  of  the  day,  and  even  with 
a  shining  sun.  In  the  Teme  the  larger  fish  rarely  take  the  fly,  but  will  take  the 
grasshopper.  The  grajdiug,  although  a  very  capricious  fish,  is  not  quite  so  shy  as 
the  trout  nor  so  game  when  hooked,  and  often  bores  with  its  head  up  stream  in 
order  to  get  to  the  bottom,  while  if  baffled  it  turns  down  stream  still  similarly 
boring :  a  shorter  line  may  be  employed,  and  fishing  down  stream  is  mostly 
adopted.  It  will  often  rise  when  least  expected,  and  when  most  freely  taking 
the  natural  fly  will  frequently  refuse  the  artificial  :  on  other  occasions  it  M'ill 
rise  several  times  in  succession  at  the  same  fly,  and,  if  not  touched  by  the  hook, 
attempts  at  its  capture  maybe  continued.  If  a  rise  occurs,  the  fisherman  should 
strike  gently,  play  his  fish  quietly,  and  land  it  with  a  net,  because  its  mouth,  is 
tender  and  readily  gives  way.  The  flies  employed  are  much  the  same  as  those 
for  trout,  but  smaller  as  a  rule,  although  the  May-fly  is  not  always  refused. 
The  smaller  fish  are  generally  taken  on  the  shallows,  and  with  the  fly  which 
is  usually  declined  by  the  larger  grayling.  Introduced  from  other  waters  they 
sometimes  lose  their  game  character  and  refuse  the  fly.  Walton  says  it  "is  very 
gamesome  at  the  fly  :  and  much  simpler,  and  therefore  bolder  than  a  trout  *  *  * 
yet  he  is  not  so  general  a  fish  as  the  trout,  nor  to  me  so  good  to  eat  or  to 
angle  for." 

The  grayling,  however,  amongst  its  other  eccentric  habits,  will  sometimes, 
under  the  most  adverse  conditions,  "  come  on"  just  for  an  hour  or  two.  It  may 
be  in  the  forenoon,  or  at  midday,  or  in  the  earlier  hours  of  the  cool  afternoon ; 
and,  should  the  weather  be  warm,  overcast,  or  even  drizzling,  they  may  sometimes 
be  taken  at  all  hours  of  the  day  (Field,  November  25th,  1884).  The  largest  fish 
are  killed  during  October  and  November  with  the  sunken  fly.  Fishing  up-stream 
for  grayling  is,  with  the  dry  fly,  a  mistake.  The  authorities  who  recommend  the 
casting  of  the  flies  across  stream,  and  the  allowing  of  them  to  sweep  leisurely  out 
(with  the  line,  however,  well  in  hand)  and  down  with  the  current,  after  all  give 
good  advice,  and,  in  the  long  run,  we  ai^e  convinced  that  this  is  the  most  paying- 
way  of  fly-fishing  for  grayling.  These  fish  herd  on  the  shallows,  and  are  very 
fond  of  them  if  they  are  wide  and  gravelly,  or  sandy,  and  well  in  the  open  ;  but 
whei'e  the  stream  runs  deepest  in  the  middle  there  the  best  grayling  will  be 
found,  roaming,  it  may  be,  occasionally  to  the  sides,  but  sticking  in  the  main  to 
the  centi'e.  This  is  especially  the  case  in  waters  like  our  lowland  streams,  that 
do  not  possess  the  alternations  of  rapid  and  slow  currents,  pools,  stickles,  and 
races,  such  as  are  found  in  the  established  grayling  rivers  of  Yorkshire,  Derby- 

*  Mr.  Pritt  observed  "  that  in  the  Yorkshire  rivers  the  grayling  will  only  take  a  worm  icell  iu 
frosty  weather"  (Field,  April  17th,  1886). 
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shire,  and  Worccsterslnre.  lu  these  latter  streams,  wliicli  may  be  called  natural 
grayling  waters,  the  whereabouts  of  the  fish  may  be  determined  upon  with  some 
certainty.  Anything  in  the  shape  of  a  ghde,  before  or  after  rough  water,  should 
not  be  neglected.  A  graA'elly  shelf  on  the  edge  of  a  swift,  deep  stream,  is  a 
favourite  haunt  of  the  fish.  A  bit  of  still,  smooth  water  between  two  currents 
formed  by  an  obstacle,  and  a  hollow,  worn  by  deep  water  out  of  a  loamy  bank, 
giving  a  lay-by  in  the  nature  of  an  eddy,  are  also  places  to  wdiich  the  fly  should 
be  introduced.  But,  as  grayling  often  travel  up  and  down  and  across  in  a  slow 
persistent  sort  of  fashion,  no  labour  is  lost  in  fishing  down  every  bit  of  water  ;  and 
if  it  is  fished  down  fi'om  beginning  to  end  two  or  three  times  in  saccession, 
so  much  the  more  likelihood  of  finding  fish,  as  well  as  of  keeping  the  blood  in 
circulation  on  a  cold  day  (Field,  October  25th,  1884). 

The  larger  fish  frequent  the  deeper  pools  or  sluggish  portions  of  the  stream, 
sometimes  selecting  the  vicinity  of  the  roots  of  a  tree  which  juts  into  the  water, 
sometimes  being  more  in  mid-water.  What  is  termed  a  grasshopper  in  Worcester- 
shire, which  looks  like  a  nondescript  caterpillar,  with  the  point  of  the  hook 
covered  by  gentles,  is  considered  to  be  the  best  bait  there  and  in  the  Shropshire 
and  Herefordshire  districts,  commencing  to  be  employed  about  September  and  the 
two  following  months  on  warm  days  succeeding  frosty  nights.  Having  a  quill 
float  and  a  stitfish  rod  it  is  worked  on  the  sinking  and  drawing  plan,  having  sunk 
to  the  bottom  it  is  raised  about  a  foot  and  allowed  to  sink  again,  while  the  stream 
should  suffice  to  carry  it  on  a  little  way  with  each  successive  jerk.  In  Derbyshire 
streams  it  is  said  not  to  be  much  of  a  success.  The  principal  ground  baits  are 
fishing  with  gentles,  worms  are  likewise  employed.*     The  grayling  occasionally 

*  A  correspondent  of  The  Field  (February  19th,  1887)  observed  how  he  has  fished  in  Yorkshire 
streams  by  "  swimming  the  worm"  during  the  best  months  of  the  year.  "  The  rod  best  adapted 
to  the  purpose  is  a  stiffish  fly  rod,  from  10  ft.  to  12  ft.  in  length,  fitted  with  upright  rings ;  it 
should  not,  however,  be  too  heavy,  as  such  a  one  becomes  very  tiring  to  the  wrist_  at  tlie 
conchuling  portion  of  a  long  day's  fishing.  The  reel  that  I  prefer  is  a  plain  check  ebonite  one, 
and  it  must  be  kept  clean  and  in  good  working  order,  so  that  the  line  may  run  easily  from  it  upon 
tlie  first  rush  of  a  heavy  fish.  The  line  should  be  of  tapered,  waterproofed  silk,  say,  25  yards  in 
length.  The  tackle  should  consist  of  a  cast  from  2J  yards  to  3  yards  in  length,  commencing  with 
a  couple  of  lengths  of  strong  undrawn  gut  and  tapering  down  to  the  same  quantity  of  the  very 
finest  drawn ;  to  the  end  of  this,  wrap  one  no.  7  fine  wire  round  bend  hook  with  well-waxed 
crimson  silk,  but  before  doing  so  either  heat  the  shank  of  the  hook  in  the  flame  of  a  candle  and 
bend  it  slightly  outwards  with  a  pair  of  pliers,  or  else  wrap  in  at  the  top  of  the  shank  a  piece  of 
stiff  hog's  bristle,  this  arrangement  being  intended  for  the  purpose  of  keeping  up  the  head  of  the 
worm  ;  with  one  small  shot  about  4  to  6  inches  above  the  hook,  your  tackle  is  complete,  with  the 
exception  of  a  tiny  float  about  the  size  of  a  hazel  nut,  which  you  adjust  to  your  cast  by  means  of 
a  small  quill  plug,  having  due  regard  to  the  depth  of  stream. 

"  When  the  angler  finds  that  he  is  faihng  to  hook  flsh,  and  that,  after  striking  at  an  apparently 
good  bite,  the  tail  of  his  worm  is  gone,  he  should  take  off  the  single  hook  tackle  and  substitute  for 
it  a  couple  of  no.  2  fly-hooks,  wrapped  about  one -third  of  an  inch  apart ;  but  I  only  employ  this 
tackle  under  the  circumstances  named,  as  in  nine  cases  out  of  every  ten,  owing  to  his  rolling 
propensities,  the  fish  generally  contrives  to  break  off  one  of  the  hooks  either  in  his  mouth  or  in 
the  meshes  of  the  landing-net,  and  then  you  have  to  waste  valuable  time  in  repairing  damages. 
In  very  bright,  low  water,  I  generally  commence  operations  at  the  extreme  tail  of  a  pool,  and  fish 
every  likely  place  until  I  come  to  water  about  one  foot  ni  depth,  so,  after  you  have  fished  to  this 
point  hasten  to  the  next  suitable  place.  In  slightly  coloured  water  the  angler  may  fish  down 
stream,  casting  across  a  little  above  him  from  tlie  commencement  of  the  swim ;  if,  however, 
snow-water  be  present,  it  is  very  little  use  to  continue  fishing,  as  grayling  never  take  well  under 
such  circumstances.  Grayling  usually  take  the  worm  in  a  very  erratic  manner  ;  perhaps  for  two 
or  three  hours  the  angler  will  never  have  a  single  bite,  and  suddenly  he  will  begin  to  catch  fish 
almost  every  swim,  and  when  he  is  congratulating  himself  upon  his  success,  the  sport  ceases  as 
suddenly  as  it  began.  My  old  instructor,  Dick  Smith,  used  often  to  say  to  rae,  '  You  don't  come 
out  to  save  worms,  my  lad,  but  to  catch  fish,'  and  many  times  since  then  have  I  fully  appreciated 
the  truth  of  his  remark,  for  a  grayling  may  often  be  induced  to  take  a  lively  red  worm,  when  a 
dead  one,  hanging  like  a  piece  of  moss  on  the  hook,  will  not  tempt  him  at  all ;  always,  therefore, 
have  a  plentiful  supply  of  worms  with  you. 

"In  conclusion,  let  me  again  impress  upon  anglers  the  necessity  of  sticking  to  their  work,  if 
they  mean  to  make  up  a  good  dish  of  grayling  by  the  above  means.  Many  a  time,  after  fishing 
for  hours  without  having  a  touch,  have  I  felt  inclined  to  reel  up  and  wend  my  way  homewards, 
for  you  cannot  moon  about  on  the  bank  and  smoke  your  pipe  as  Mhen  in  pursuit  of  the  keen-eyed 
trout  during  the  summer  months ;  but  patience  has  prevailed,  and  perhaps  in  the  last  couple  of 
hours  in  the  afternoon  I  have  made  up  a  basket  of  fish  to  which  is  accorded  the  honour  of  having 
a  red  mark  affixed  to  the  account  which  I  have  subsequently  entered  in  my  angling  diary." 
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may  be  taken  -svitli  tlio  luiiniow,  mostly  in  clear  or  else  very  .slightly  coloured 
■water. 

Daring  October  and  November  dead  leaves  are  often  a  great  nui.sance  to  the 
fly-tisher. 

Life  hiatory. — Those  hatelied  in  June,  say  1880,  do  not  as  a  rule  spawn  before 
April,  1883.  These  fish  are  rapid  growers,  attaining  to  four  or  five  inches  in 
length  in  a  few  months.  Sir  H.  Davy  (Salmo)iia,  p.  188)  believed  that  such  a.s 
were  hatclicd  in  May  or  June  become  nine  or  ten  inches  in  lengtli  by  September, 
and  weigh  from  iive  to  eight  ounces. 

We  find  Mr.  Willis-Bund,  in  his  editorial  note  to  Section  11  of  the  Fresh-Avater 
Fisheries  Act,  1878  (see  Oke's  Fishery  Laws,  Second  Edition,  p.  GO),  writing  as 
follows  : — 

"  This  clause  places  grayling  in  an  exceptional  position ;  it  absolutely  prohibits 
the  destruction  of  grayling,  except  by  angling  in  private  fisheries,  during  the  close 
season.  During  their  close  season,  trout  or  char  may  not  be  killed  in  any  way ; 
but  grayling  may  be  killed  during  their  close  time  by  angling  in  private  fisheries, 
even  wbere  they  are  specially  preserved.  As  no  one  fishes  for  grayling  with  nets, 
it  comes  to  this,  that  as  to  them  the  law  is  the  same  as  bcfoi-e,  and  a  measure 
passed  for  the  encouragement  of  anglers  does  not  make  any  provision  for  the  fish 
anglers  most  value." 

Diseases. — It  was  formerly  abundant  in  the  Aire  above  Bingley,  but  was 
entirely  destroyed  in  1824  by  the  bursting  of  a  peat  bog,  and  subsequent  attemjjts 
at  reproduction  have  proved  ineffectual  (Yorkshire  Vertehrafa,  p.  129).  Mr, 
Francis  Francis  {Field,  December  31st,  1881)  observed  that,  although  there  are 
no  very  extreme  ijollutions  in  the  Wye  above  Rowsley,  yet  both  trout  and  graylino- 
have  perished  from  fungoid  disease  in  myriads  ;  indeed,  some  years  ago  Rowsley 
Meadows  were  pretty  nearly  cleared  out  of  grayling  by  it.  This  fungoid  disease, 
Saprolegnia  ferax,  has  been  found  affecting  them  in  common  with  trout  and 
other  forms.  In  Jardine's  inquiry,  in  1860,  these  fish  Avere  said  to  be  almost 
gone  from  the  Severn,  where,  up  to  four  years  before,  they  had  been  abundant, 
cleared  out  by  disease  or  dredging  the  fords  for  gravel. 

As  food. — Its  flesh  is  white,  delicate,*  and  in  the  best  condition  about  October 
and  November,  when  the  trout  are  mostly  out  of  season ;  in  fact,  it  is  not  until 
August,  or  even  September,  that  it  is  generally  esteemed  worth  cooking,  while  it 
should  be  dressed  as  soon  as  practicable  after  removal  from  the  water.  It  is 
generally  boiled  :  large  ones  are  said  to  be  improved  by  crimping.  Dr.  Hamilton 
says,  "A  grayling  over  |  lb.  weight  is  not  in  condition  till  the  end  of  July  :  those 
of  5  lb.  to  f  lb.  are  in  season  all  the  year  round." 

Uses. — It  is  stated  that  in  Lapland  a  substitute  for  rennet  used  to  be  obtained 
by  pressure  from  the  entrails  of  the  grayling,  with  which  they  converted  the  milk 
of  the  reindeer  into  cheese.  Gesner  asserted  that  "  the  fat  of  this  fish,  being  set 
with  a  little  honey  a  day  or  two  in  the  sun,  in  a  little  glass,  is  very  excellent 
against  redness,  or  swarthiness,  or  anything  that  breeds  in  the  eyes." 

Habitat. — Lapland,  Scandinavia,  Germany,  Britain,  France,  Switzerland,  Italy, 
and  Hungary. 

They  were  introduced  f  into  the  Upper  Clyde  in  1855,  from  three  dozen  fish 
brought  from  Rowsley,  Derbyshire,  and  are  said  to  have  thriven  well.  They  have 
likewise  been  introduced  in  the  Teviot  and  Tweed,  and  are  also  thriving  (Brother- 
ston)  ;  one  f  lb.  weight  was  taken  in  the  Tay,  April  15th,  1884,  by  Mr.  Macpherson, 
a  few  miles  below  Dunkeld.     In  Cumberland  in  the  Eden,  Mr.  Spence,  Fishing 

*  "Aldrovanclus  says  that  they  be  of  a  trout  kind :  and  Gesner  says,  that  in  his  country, 
which  is  Switzerland,  he  is  accounted  the  choicest  of  all  fish.  And  in  Itahj  he  is  in  the  month  of 
3Iaij  so  highly  valued,  that  he  is  sold  then  at  a  much  higher  rate  than  any  other  fish.  The  French 
which  call  the  Chub  Un  Vilain,  call  the  Umber  of  the  Lake  Leman,  Un  Umblc  Chevalier:  and 
they  value  the  Umber  or  Grayling  so  highly  that  they  say  he  feeds  on  gold,  and  say  that  many 
have  been  caught  out  of  their  famous  river  of  Loire,  out  of  whose  beUies  grains  of  gold  have  been 
taken"  (Walton  and  Cotton's  Angler).  In  olden  times,  in  Upper  Austria,  this  fish  was  greatly 
valued,  and  "  at  times  it  could  only  be  caught  for  the  Imperial  table,  for  sick  persons,  or  for 
pregnant  women"  (Carl  Peyrer,  United  States  Fish  Commi.-ision  llejwrt,  187C,  p.  612). 

t  Orkneys,  according  to  Low,  it  was  common ;  but  he  could  not  have  meant  this  fish. 
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Gazette  (January  30tli,  188G)  says  that  he  has  frequently  heard  chub  callecT  by  that 
name  while  staying  at  Carlisle,  and  he  considered  that  it  was  absent.  Mr.  Bewley, 
Land  and  Water  (September  9th,  1886),  remarked  that  on  May  26th  he  returned  a 
small  one  while  fishing  in  some  private  water  near  Appleby,  some  2000  fry  had 
been  put  in  during  1882-83  :  in  the  Esk  (Heysham)  :  while  two  examples  from  the 
Tyne,  presented  by  Mr.  Knight,  are  in  the  British  Museum.  In  varying  abun- 
dance in  the  middle  waters  of  the  Wharpe,  Washburn,  Nidd,  Ure,  and  Swale  ;* 
also  in  the  Cover,  Wiske,  and  Colbeck,  the  Rye,  and  other  tributaries  of  the  Upper 
Derwent  and  the  Scalby  Beck  near  Scai-borough.  In  a  limited  amount  in  the  Tees, 
and  has  been  introduced  into  the  Esk.  Formerly  common  in  the  Ribble  and 
Hodder,  their  extreme  scarcity — if  not  extinction — being  ascribed  to  the  great 
increase  of  salmon  (YorJishire  Vertebrata).-f  In  Lancashire,  the  Ribble,  in  Derby- 
shire and  Stafibrdshire,  the  Dove,  the  Wye,  the  Trent,  the  Blithe  and  the  Hodder. 
In  Shropshire,  the  Severn,  the  Teme,  the  Clun,  the  Corve  and  the  Onny. 
In  Merionethshire,  the  Dee,  and  in  Montgomeryshii^e  in  the  Varnuy  and 
the  Tanat.  In  Herefordshire,  the  Arrow,  the  Lug,  the  Dove,  the  Wye, 
and  the  Irwin  contain  them.  The  Windrush  in  Gloucestershire.  J  In 
Hampshire  and  Wiltshire  in  the  Test,  having  been  introduced  from  the 
Avon  (Davy),  also  present  in  the  Itchen  and  both  the  Avons.  Hamilton 
remarked  the  Dove,  the  Derwent,  the  Teme,  and  the  Trent  were  formerly  con- 
sidered the  grayling  rivers  j^a?-  excellence ;  but  they  must  now  give  way  to  our 
southern  rivers  as  the  Avon,  the  Itchen,  the  Test.  In  the  Kennett  in  Wiltshire 
they  have  also  succeeded  well,  also  in  its  tributary  the  Lambourne. 

The  Swansea  Guide  stated  this  fish  to  be  taken  in  the  neighbourhood,  but 
of  this  Dillwyn  doubted  the  correctness.  Mr.  Harford  stocked  the  Tivy  below 
Lampeter  with  many  thousand  grayling,  Avhich  have  disappeared.  In  1863, 
1470  fry  were  placed  in  the  Lea  rather  more  than  three  miles  beyond  Hertford 
(Wix).  In  May,  1866,  it  was  introduced  into  the  Lornan  at  Tiverton  (Parfitt). 
It  appears  also  to  have  been  introduced  into  the  Thames. 

Ireland. — Rutty,  1772,  observes  "  ThymaJhis,  the  Grayling  or  Umber.  With 
us  it  is  a  sea  fish,  and  less  than  Willoughby's,  which  is  a  river  fish."  It  seems  to 
me  probable  that  he  may  refer  to  Goregomis  oxyrhynchus  as  I  received  an  example 
as  a  grayling.  Brown  two  years  after  Rutty  (1774)  enumerated  the 
grayling:  but  Thompson  observed  that  "the  par  has  been  sent  to  me  from  the 
south  of  Ireland  under  the  name  of  grayling.  Perhaps  this  name,  as  api^lied  to 
the  par,  may  be  a  corruption  of  the  word  graveling,  which  is  genei-ally  applied  to 
that  fish  in  the  southern  counties." 

Pennant  recorded  one  of  4  lb.  6  oz.  from  the  Teme  at  Ludlow.  Yarrell  men- 
tioned another  one  of  4|  lb.  from  the  Test,  and  Daniel  one  of  5  lb.  from  near 
Shrewsbury  and  one  of  h\  lb.  in  the  spring  of  1887  was  caught  in  a  weir  trap  at 
the  top  of  the  Camlet  in  Shropshire.  In  Lapland  it  is  said  to  reach  to  8  or  9  lb. 
weight. 

*  A  correspondent  in  The  Field  (November  25tli,  1882)  denied  the  present  existence  of  this  fish 
in  the  Swale ;  the  British  Museum  possesses  four  specimens  reputed  as  from  that  river,  received 
with  Parnell's  collection. 

t  Mr.  J.  A.  Busfeild,  in  1880,  remarked  that  the  upper  reaches  of  the  Aire  are  not  suited  to 
the  habits  of  grayling.  In  GenVg  Ilisionj  of  Bipon,  published  one  hundred  and  fifty  years  ago,  and 
containing  an  account  of  Keighley,  it  is  stated  that  the  River  Aire  contained,  among  other  fish, 
"Dares,  gralings,  perch,  eeles,  chub,  trout,  salmon,  and  salmon  smelts."  This  seems  conclusive 
evidence  that  in  former  times  the  Aire  at  Keighley  contained  grayling,  that  they  have  been 
gradually  exterminated  by  pollution,  and  that  the  Castlefield  Weir  has  had  nothing  to  do  with 
their  non-existence  above  Keighley.  Mr.  Ashton  observed  (Field,  October  11th,  1884)  seventeen 
were  taken  from  North  Derbyshire,  March  31st,  1870,  averaging  ;}  lb.  each,  in  a  barrel  of  thirty 
gallons,  by  dog-cart  to  Sheffield,  then  by  rail  to  Wymondham,  thence  by  dog-cart  to  Forncett  St. 
Peter,  and  put  into  the  river  there.  March  17th,  1871,  fifteen  brace  from  the  same  river,  all  large 
fish,  some  full  of  ova,  and  turned  in  at  Mr.  Irby's,  Boyland  Hall.  April  17th,  187'2,  thirty-one  brace 
from  ^  to  1  lb.  to  Forncett  St.  Peter.  April  IGth,  1873,  twenty  and  a  half  brace,  -^  to  Forncett, 
and  1  to  Boyland  Hall.  April,  1877,  from  the  Wye  to  Oakley  Park,  Suffolk,  for  the  Eye.  April, 
1879,  fifteen  brace  from  the  Wye  to  the  Kennett. 

I  The  Earl  of  Coventry  placed  grayling  in  a  tributary  of  the  river  at  Naunton  Bridge,  between 
1859  and  1864,  on  different  occasions ;  they  are  now  thriving  there. 
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colour,  18,  19 

colours  of  brook  trout,  200,  227 
colours  of  char,  231,  248 
colour  of  flesh  of  trout,  213,  214 
colours  of   trout  change   after 

death,  200,  201 
colours  of  trout  varying,    186, 

200,  201,  202,  225 
colours  in  Lochlevens,  224,  225 
colours  in  trout,  146,  214 
common  brook-trout,  247 
compass  net,  139 
concussion,  eifect  of,  41,  277 
condition,  month  when  attain  to, 

214,  215 
confinis,  Salmo,  47,  49 
congenital    monstrosities,   272, 

273 
Connecticut   river,    salmon    of, 

115 
Coquet,  salmon  of,  117 
Coquet,  sea  trout  in,  180 
Coquet  trout,  152 
coracles,  137 
core,  161,  180 
Coregonus,  2,  3,  5,  9,  31 
Coregonus  albus,  47 
Coregonus  clupeiformis,  47 
Coregonus  thyniallus,  278 
Coregonus  oxyrhynchus,  5,  280 
Coregonus  pollan,  5 
Coregoni,  233 
Cornish  trout,  192 
cornubiensis,  Salmo,  192,  193 
Coste,  M.,  29,  274 
Cottusgobio,  109,  212 
Cottus  quadricornis,  5 
Couch,  11 
Couch's  trout,  153 
Coursell,  History  of  Gloucester, 

112 
Coventry,  Earl  of,  286 
cowring,  139 
Crasspuill  trout,  190,  191 
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crooked-tailed  trout,  10 
cross  breeds  in  trout,  1h;J 
crosses  of  hybrids,  table  of 
cross-line  llshint,',  207 
crows  eating  diseased  lish, 
cruives.  Acts  concerning,  1 
cultivation    of    trout    sire 

211,  212 
Cumberland,  Salmo,  218 
Curiniatus,  2 
cutcutia,  Tetrodou,  5 
Cyclops,  270 
Cynupotanius,  3 
Cyin'inus  auratus,  272 
Cyprinus  carpio,  7,  48 
Cyprinus  kollarii,  48 


draft  net,  IIH 

draft    nets   increase  with  more 
,  2(17        lish,  1;M 

drainage  works,  effects  on  river, 
230  01,  07 

32        drift  nets,  130 
ams,    dropsy,  2f> 

dropsy  in  alevins,  259 

dry  seasons,  effect  on  salmon, 
08 

dry  seasons,  netting  salmon,  137 

dubh-bradan,  59 

ducks,  28 

Dupplin  hatchery,  29 

Durham,  cost  of  salmon,  117 

dwarf  trout,  18G 


Darwin,  50 

Dareste,  Camille  on  monsters, 

270 
Day,  F.,  11,  20,  29,  30 
Davy,  Dr.  J.,  9,  20,  30,  40,  41 
Davy  on  hybrids,  48 
Davj-,  Sir  H.,  10,  27,  34 
Davy's  trout,  151 
dead  par  used  for  its  milt,  259 
decrease  of   salmon,  cause  of, 

115,  120 
decreased  size  of  artificial  flies, 

211,  212 
decreasing    length     of      close 

season,  131 
Dee,  Chester,  Salmon  of,  118 
Dee,   fine    silk    nets    used    by 

poachers,  137 
Dee,  fisheries  of,  128 

deformed  trout,  203 

dentex,  Salmo,  183 

dentition  of  hybrids,  270 

dentition  in  trout,  140 

depth  of  water  for  eggs,  84 

descent  of  salmon,  74 

destruction  of  char,  245 

development  of  embryo,  32 

De  Zalm,  58 

dhearg-bhlian,  240 

ditt'cious,  Salmonid£e,22 

diamond  scale,  54 

Dipnoids,  20 

disappearance  of  char,  241 

discoverers  of  hybrids,  254 

disease  from  immature  parents, 
78 

diseases  of  char,  245 

diseases  of  fontinalis,  252 

diseases  of  salmon,  110,  111 

diseases  of  trout,  215 

Distichodus,  2 

distribution,  geographical,  4 

dogs   assisting  fishermen,  130, 
137 

dolachans,  191,  194 

dolphin,  18 

Don,  Fisheries  of,  128 

Donovan,  10 

Donovan's  trout,  151 

doohulla,  20 

dorsal  fins  of  trout.  Dr.  M'Intosh 
on,  170 

dorsal   fin  in  sea  trout,  where 

commences,  170 
double-yolked  fowls'  eggs,  273 

Dover,  Mr.,  239 


Eagle-Clarke,  Mr.,  270 

early  close  time,  123 

early  river,  how  become  late,  61 

early  or  late  race  of  salmon,  05 

early  or  late   rivers  can  alter 
character,  02,  65 

early  or  late  rivers  cannot  alter 
character,  02,  05 

early  salmon  rivers,  59,  01,  02, 
05,  00 

ebb  tide,  effect  on  salmon,  68 

eel  choking  trout,  213 

eels,  210 

eel  traps,  142 

eel  weirs.  111 

eel  worrying  trout,  212 

eggs,  23,  24  . 

eggs,  appearance  of  wlule  incu- 
bating, 34 

eggs,  artificial  incubation  of,  29 

eggs  attacked  by  fungus,  33 

eggs,  capabilities  for  diffusion,  41 

eggs,  colour  of,  24 

eggs,  concussion,  32,  41 

eggs,  conveyance,  31 

eggs,  depth   in  which   can   be 

incubated,  38 
eggs,  depth  of  water  in,  34 
eggs,  effect  of  cold  on,  43 
eggs,  effects  of  freezing,  37,  38 
eggs,  effects  of  peat  upon,  38 
eggs,  effects  of  paraffin  on,  38,  39 
eggs,  enemies  of,  28 
eggs,  eyed,  32 
eggs,  fertile  from  dead  salmon, 

78 
eggs,  fertilization  of,  24,  28 
egg- frees,  31 

eggs  from  dead  sea  trout,  262 
eggs  from  dying  grilse,  258 
eggs  from  young  fish,  20 
eggs,  hatching  retarded,  43 
eggs,  how  imbibe  gases,  39,  40 
eggs,  how  to  be  unpacked,  43 
eggs  incubated  in  moss,  35,  30, 

40 
eggs  incubated  in  still  water,  38, 

39,  40 
eggs,  in  dry  air,  41 
eggs,  in  dry  tube,  36 
eggs,  influence  of  light  on,  40 
eggs  in  redd  temporary  dry,  38 
eggs  in  salt  water,  32,  30,  37 
eggs  kept  damp,  hatching,  82 
eggs,  milting,  24 
eggs,  mortality  among,  28 


eggs,  moving  of,  40 

eggs,  number  of  days  incubating, 

209 
eggs  of  fontinalis,  251 
eggs,  offspring  from,  20 
eggs      of     liybrids,      mortality 

among,  208 
eggs    of    land-locked    salmon, 

size,  105 
eggs  of  Lochlevens,  228 
eggs    of    salmon,     covered    in 

redds,  84 
eggs  of  salmon,  enemies  of,  82 
eggs   of    salmon,    mortality  if 

moved,  81 
eggs  of  salmon,  number  given, 

78 
eggs    of     salmon,     proportion 

hatched,  78 
eggs  of  salmon,  size  of,  106 
eggs  of   salmon,   why   covered 

over,  81 
eggs  of  trout,  210 
eggs,  packing  of,  42 
eggs,  picking  of,  33 
eggs  retained  in  ovi-sac,  32 
eggs  sent  to  Antipodes,  42 
eggs  shaken,  32 
egg  shell  pervious  to  water,  40 
eggs,  size  of,  24,  25,  26,  37,  76, 

77 
eggs,  some  ex^iand  on  extrusion, 

40 
eggs,  travelling,  32 
eggs  turning  white,  32 
eggs  under  gravel,  34 
eggs  unimpregnated,  32,  34 
eggs,  whence  obtainable,  29 
eggs,  when  dead,  32 
eggs  when  hatching,  35 
eggs,  wind,  32 
ehoe,  2 
eldrines,  203 

electric  disturbance,  109,  110 
elvers,  food  for  salmon,  107 
embryo,  development  of,  32 
Encyclopedia  Britannica,  247 
Engraulis  telara,  5 
enemies  of  young  trout,  212 
entering  rivers,  salmon,  68 
eog,  2,  58 

Ephemera,  34,  42,  48 
EpicjTtus,  2 
Epizoa,  110 
eriox,  Salmo,  10,  11,  143,  149, 

150,  151,  152,  153,  159,  169 
erythrogaster,  Baione,  247 
erythrophthalmus,Leuciscus,  48 
Esk,  fisheries  of,  127 
Esox  lucius,  274 
estuaries,  effect  of,  at  entrance 

of  salmon  rivers,  63 
estuaries,  temperature  of,  affect- 
ing migrations  of  salmon,  09 
estuarius,  Salmo,  11,140,189,191 
estuary  fishermen,  123 
estuary  trout,  191 
Exoca'tus,  18 

experiments  at  Howietown,  254 
experiments  on  young  trout,  146 
eyed  ova,  32 
eyes  badly  developed  in  hybrids, 

19 
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eyes,  monstrosities  among,  275 

Faiio,  2,  9,  11 

Fario  argenteus,  149 

Fario  lemanus,  190,  193 

Fario  marsiglii,  183 

Farionella,  3 

fario,  Salmo,  6,  11,  48,  144,  14(5, 

169,  180,  182,  183,  187,  190, 

205,  217,  219 
fario,  Trutta,  190,  193 
Farr,  Mr.,  7 

fat  stored  up  in  salmon,  69 
ferox,  Salar,  194 
ferox,  Salmo,  11,  148,  187,  192, 

193,  194,  197,  198,  233 
ferox,  Trutta,  193 
fertilization,  dry  process,  31 
fertilization,  how  effected,  269 
fertilization,  moist  process,  31 
fertility  of  hybrids,  268 
few-spotted  bull  trout,  11 
tiadh-bhrcac,  193 
Field,  vii 
fine-meshed   nets   for    salmon, 

137 
lingerins,  83 
fingerling,  58 
linger-marks,  6 
Finland,  lishes  of,  7 
Finland,  Lake  in,  24 
finnock,  154,  159 
tin-rays,  12 
tins,  12 

fins,  caudal,  form  of,  13 
fins,  characters  of,  13 
fins  in  trout,  size  of,  147 
fins  of  sea  trout,  157 
fins  of  brook  trout,  198 
tins  of  Lochlevens,  223 
fins  of  trout,  187 
fins,  reproduction  of  rays,  12 
fins,  their  form  symptomatic  of 

sterilitj',  106 
fins,  use  of,  13 
finta,  Clupea,  5 
fish-culture,  29 
fish,  deteriorated  races  of,  27 
fish,  dropsical,  26 
Fisheries,  Pract.  Manag.  of,  29 
Fisher,  Mr.,  29 
Fishes  of  the  British  Mcs,  11 
fish  hatching,  28 
fish,  how  marked,  75,  76 
fishing  for  char,  234,  235,  236 
fishing,  misplaced  energy  in.  111 
fishing  with  cross  lines,  207 
fish  ladders,  73,  74 
fish-passes,  73,  74,  121,  137 
fish  roe,  121 

fish,  temperature  kept  in,  36 
fission    causing    monstrosities, 

273 
fixedengines,  for  taking  salmon, 

115 
fixed  engines  nuisances,  140 
Fleming,  5,  10 
Fleming's  trout,  151 
Hesh  of  char,  its  colour,  241 
flesh  of  Lochlevens,  colour  of, 

230 
flesh  of  trout,  colour  of,  213 
flesh  of  trout,  red,  205,  206 


flesus,  Pleuronectes,  5 
flounders,  5,  48,  217,  218 
fluviatilis,  Gobio,  12 
fluviatihs,  Trutta,  10 
fly  fishing  altered  of  late  years, 

211 
fly  lishing  for  salmon,  136 
flying-fish,  18 

tly-nets    commenced    in    Scot- 
land, 132 
Fontinalis,  247 
fontinalis  as  food,  252 
fontinalis,  Baione,  247 
fontinalis,  breeding  of,  251 
fontinalis  breeding  with  British 

char,  263,  264 
fontinalis  breeding  with  Loch- 
levens, 260,  262 
fontinalis  breeding  with  Salmon 

par,  260 
fontinalis  breeding  with  trout, 

254 
fontinalis,  colours  of,  249,  250 
fontinalis,  habitat  of,  253 
fontinalis,  hybridizing  of,  268 
fontinalis  in  sea  water,  249 
fontinalis  introduced  into  Brit- 
ain, 249 
fontinalis,  Salmo,  7,  10,  11,  23, 
24,  25,  36,  49,  186,  202,  232, 
233,  240,  245,  247,  249 
fontinalis,  size  it  attains,  253 
fontinalis  shy,  250,  251 
fontinalis,  varieties  of,  249 
fontinalis,  water  suited  for,  251 
fontinalis,  water  unsuited  for, 

252 
food  for  char,  241 
Fordwich  trout,  10,  154,  170 
Forel,  fauna  of   Lake  Leman, 

183 
Forelles,  2 

forestinus,  Salmo,  190 
forket-tail,  59 
fork-tails,  58 
forms  in  char  vary,  232 
Forth  fisheries,  125,  126 
foul  fish,  98 

foul  salmon,  exijorted,  121 
foul  salmon  sent  to  Edinburgh, 

125 
Fowey,  salmon  off  late  in  year, 

68 
Francks,  Captain  R.,  112 
Francis  and  trout  eggs,  183 
Francis  Francis,  22,  26,  29 
free-gaps,  137 
fresh- run  salmon,  70 
fresh-water  fish  descending  to 

the  sea,  5 
Fresh-water  Fishery  Act,  121 
fresh-water  herring,  238 
fresh  water,  salmon  raised  in, 

93 
frost,  109 
fry,  44,  45,  46 
fry,  diseases  of,  46 
fry,  food  for,  45 
fry  from  grilse  and  salmon,  86 
fry  from  pure  grilse,  86,  93 
fry  from  salmon  and  par,  86 
fungi,  parasitic,  110 
fungus  from  overfeeding,  23 


fungus  on  eggs,  33,  34 
fungus  treated  by  bay  salt,  230 
fusion    causing    monstrosities, 
273 

Gadus  virens.  111 
gaimardi,  Salmo,  11,  144 
gairducri,  Salmo,  196 
gallivensis,  Salmo,  11,  144, 189, 

191,  198 
gally-trout,  240,  242 
game  fishes,  3 
Gammari,  205 
Gammarus  pulex,  178 
gar-fish,  18 
Gasteropelecus,  2 
gastric  juices  in  salmon,   107, 

108 
gealag-banag,  59 
geal-bhreac,  154 
gelly-troch  trout,  240 
generation,  organs  of,  23 
geographical  distribution,  4 
geological  appearance,  4 
Gerardin,    M.,    on    poisonous 

waters,  109 
gerling,  58 

germ  origin  of  deformity,  272 
gib-tish,  58 

gillaroo,  stomach  of,  194,  195 
gillaroo  trout,  10,  11,  186,  194, 

195 
gill-covers  affected  by  sex,  169 
gill-covers  deformed  in  trout, 

203 
gill-covers  of  brook  trout,  196, 

197 
gill-covers  of  sea  trout,  155 
gill-fever,  44 
gilling,  58 
gilt  char,   231,   232,   235,   239, 

240 
ginkin,  58 

glacial  epoch  and  char,  233 
glas-bhreac,  59 
glasgangen,  280 
gleis-iad,  162 
gleisiedyn,  58 

Glenlyon,  Lord,  marking   sal- 
mon, 129 
globe-tishcs,  5 
gobio,  Cottus,  212 
Gobio  fluviatilis,  12,  109 
goedenii,  Salmo,  149 
Gonostoma,  3 
gracilis,  Salmo,  51,  55 
gralax,  153 

gravelling,  58,  161,  286 
grayling,  3,  58,  278 
grayling  as  food,  285 
grayling,  breeding  of,  281,  282 
grayling,  diseases  of,  285 
grayling  eating  trout  eggs,  280 
grayling  eggs,  282 
grayling,  fishing  for,  283,  284 
grayling,  habitat  of,  285,  286 
grayling,   habits    of,  280,    283, 

284 
grayling,  hybrids  of,  282,  283 
grayling  injuring  trout,  280 
grayling,  laws  relating  to,  285 
grayling,  life  history  of,  285 
grayling,  means  of  capture,  283 
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t:;myling,  migrations  of,  281 

griiyliiig,  names  of,  279 

grayling,  odour  of,  27'.( 

grayling  of  Orkneys,  285 

grayling,  size  of,  280 

grayling,  uses  of,  285 

Gray's  char,  288 

grav  salmon,  1")!,  152,  154 

gray  trout,  10,  14'.),  172,  217 

gratings  to  intakes  of  water,  121 

gravel-laspring,  58 

grawl,  58,  280 

grayi,  Salnio,  232,  238,  23'J 

great  lake  trout,  11,  l'J3 

grey  mullet,  5 

grey  salmon,  11 

grcy-schule,  58 

grey  trout,  11,  150,  151,  218 

grilles,  glass,  34 

grilse,  87,  93,  55,  58 

grilse    and   salmon,   dilierencc 

between,  94 
grilse  ascending  rivers,  93,  94 
grilse,  bait  for,  107 
grilse  bred  with  salmon,  88 
grilse,  breeding  of,  77 
grilse,  how  ascend,  71 
grilse  interbred,  88 
grilse,  rapidity  of  growth,  95 
grilse,  remarkable  absence  of,  72 
griseus,  Salmo,  10 
ground  trout,  276 
growth  of  sea  trout,  177 
gudgeons,  109 
guiniad,  3,  31 

gull,  great  black  backed,  111 
gull  of  August,  154 
Giinther,  Dr.,  vii,  6,  11,  13,  22, 

24,  25,  48,  182,  184,  218,  219, 

220,  247 
Gilnther's  trout,  152 
gwiniad,  161 
gwiniad  ebrill,  161 
gymnothorax,  Thymalus,  278 


habitat  of  char,  245,  246 
habitat  of  Lochlevens,  280 
habitat  of  trout,  216 
habits  of  char,  234,  241 
habits  of  fontinalis,  250 
half- fish,  58 
half-train  net,  138 
half-tram  net,  138 
Halladale,  fisheries  of,  130 
halvc-net  fishing,  138,  139 
hamatus,  Salmo,  51 
.Hamilton,  159,  200 
hang-nets,  139 
hang-nets  in  Tyne,  118 
harengus,  Clupea,  5 
hardinii,  Salmo,  104 
harvest  fish,  97 
harvest  Peal,  162 
Harvie-Brown,  48,  185,  186 
hatcheries  in  Scotland,  29 
hatching-house,  33 
hatching-trays,  33,  34 
head  of  salmon-trout,  154 
head  of  trout,  147 
hearing,  19 
heat  of  water , effects  on  spawning 

fish,  77 
Hemiodus,  2 


hepper,  58 

hcrling,  11,  119,  150,  151,  156, 
159 

herring,  5 

hei-ring  sprods,  154 

lietorocercal  tails,  13 

hides  for  trout,  212 

Highland  trout,  190 

higii  temperature  of  water,  109 

Hippocampi,  19 

Ilistanj  of  Iluirietoun,  28 

hog-backed  trout,  277 

Home  Drummond  Act,  127,  131 

homocercal  tails,  12 

hoodii,  Salmo,  247 

hook  on  lower  jaw  of  salmon, 
9C),  97 

Hope,  fisheries  of,  130 

horse-fishes,  19 

horse-mackerel,  18 

house-rat,  28 

Howietoun,  29,  217 

Howietouu,  history  of,  28 

Howietoun  trout,  227 

hucho,  Salmo,  10,  149,  151 

hunch-backed  trout,  203 

Huningue,  29 

Hunter  on  hybrids,  267 

Huxley,  Prof.,  36 

hybrid  between  trout  and  salmon 
par,  227 

hybrid  char,  26 

hybrid  char  and  trout,  teeth  in, 
261 

hybrid  fish,  46 
hybridity  in  salmon,  106 
hybridization,  46,  47 
hybridization  of  trout,  144 
hybridizing  salmon,  267,  268 
hybridization  of  birds,  47 
hybridization  of  horned  cattle, 

46 
hybridization    of    horses     and 

asses,  46 
hvbridization   of   quadrumaua, 

"46 
hybrids,  vi,  2,  7,  48,  49,  254 
hybrids  in  trout,  183,  184 
hybrid  salmon  and  par,  88 
hybrids,  breeding,  265,  267 
hybrids,  fertility  of,  268 
hybrids  of  fontinalis,  252 
hybrids  of  sea  trout,  176 
hybrids,  sexes  of,  257 
hybrids,  suffocated,  257 
hybrid  trout,  144 
Hydrocyon,  3 
Hypomesus,  3 
hypural  bones,  15 


ice,  salmon  packed  in,  115 
immaturity,  sign  of,  6,  18 
incubation   of    fontinalis,   251, 

252 
incubation  of  salmon  eggs,  82 
Indian  Jish  and  Jishinij,  27 
inherited  instinct,  5 
injuries  caused  to  salmon.  111 
injuries  of  trout,  215 
Inspectors  of  fisheries,  British, 

29  _ 

instinct,  inherited,  5 
intestines,  valves  in,  54 


introduction  of  trout  into  India, 
184 

Inver,  fisheries  of,  134 

Inverness,  Corporation  feast, 
127,  128 

Ireland,  weekly  close  time,  134, 
135 

Irish  laws,  introduced  into  Bri- 
tain, 121 

Irish  salmon,  (luantity  of,  133 

Irish  salmon  Acts,  133,  134 

iridcus,  Salmo,  19,  48,  49,  189, 
196 

Jackson,  Mr.,  7,  159 
Jacobi,  S.,  29 
Jardine,  11,  60 
Jardinc's  trout,  152 
jaw,  lower,  16 
jaws,  abnormal,  276 
jaws  of  brook  trout,  198 
jaw,  upper,  16 
Jenyns,  11 
Jenyns'  trout,  152 
jerkin,  58 

Johnson's  trout,  151 
Johnstone,  Mr.  D.,  36 
Judy,  58 
Jurine,  182 

kelt,  58,  96 

kelts  and  their  destruction,  97, 

98 
kelts  and  their  preservation,  97 
kelts  as  food,  113 
kelts,  capture  of,  96 
kelts  descending,  74,  96 
kelts,  destructive,  112 
kelts  die,  96 
kelts,   is   preserving    them    an 

unmixed  good  ?  96 
kelts  mending  in  rivers,  96,  98 
kelts  mending  on  salmon  fry,  96 
kelts  of  Lochlevens,  229 
kelts,  perquisites  to  fishermen, 

96 
kelts  returning  to  rivers,  97 
Kennet,  fisheries  of,  280,  281 
kidels,  116,  120 
killinensis,  Salmo,  232,  238 
kil^per,  58,  96 

kippered  salmon,  96,  140,  141 
kippers,  96,  99 
knob  on  lower  jaw  of   female 

salmon,  58 
knob  on  lower  jaw  of  salmon, 

57 
knob  on  lower  jaw  of  salmon, 

composition  of,  57 
knob  on  lower  jaw  of  salmon, 

cannot  be  shed,  57 
knob  on  lower  jaw  of  salmon, 

falling  off,  57 
knob  on  lower  jaw  of  sea  trout, 

172 
knob  on  lower  jaw  of  trout,  146, 

186,  187 
Knox,  Dr.,  11 
koUarii,  Cyprinus,  48 
kuffer,  45 

Kuhn,  Professor,  46 
kype  on  lower  jaw  of  salmon, 

96,  97 
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labels  fixed  to  salmon,  73 

Lacei^ecle,  19 

lacustris,  Salmo,  11,  104,  148, 

183,  193 
lacustris,  Trutta,  183 
lakes  at  head  of  rivers,  effects  on 

migration,  61,  62,  66 
lake  trout,  194 
lammasmen,  154,  159 
land-locked  salmon,  24,  99, 100, 

103,  104,  105 
land-locked  salmon,  colours  of, 

105 
land-locked  salmon,  how  breed, 

70 
land-locked   salmon,    localities 

for,  105 
land-locked  salmon,  size  of  eggs, 

105 
Larus  marinus,  111 
laspring,  58,  83,  85 
lateral-line,  18 
late  salmon  rivers,  59,  62,  66 
laurel,  58 
lave-net,  139 

laws  for  protecting  salmon,  119 
law  of  nature,  271 
laws,  Scotch  fishery,  125 
leaders,  58 
leaps  of  salmon,  73 
leeches,  enemies  of  fish,  46 
leeches  injurious  to  trout,  215 
legalizing  nets,  137 
legislation  on  trout,  215 
lemanus,  Fario,  190,  193 
lemanus,  Salmo,  183,  210 
Leopard  hybrids,  262 
Lepeoptheirus  stromii,  110 
Leporinus,  2 
leprosy  due  to  eating  stale  fish, 

112,  113 
leprosy  from  eating  foul  salmon, 

98 
Lereboullet   on   fish    monsters, 

274 
Lerneopoda  salnionea,  110 
Leuchart,  49 

Leuciscus  cephalus,  48,  161 
Leuciscus      erythrophthalmus, 

48 
levenensis,  Salmo,  11,  190,  198, 

218,  220 
licenses  for  taking  salmon,  135 
life  liistory  of  brook  trout,  213 
life  history  of  fontinalis,  252 
Lily  Mere  char,  241 
Limnea,  177,  181 
Limnea  eaten  by  smolts,  109 
Limnea  ovata,  109 
lingual  teeth,  salmon,  54 
Linnteus's  trout,  151 
Liparis  barbatus,  5 
Lisburne,  Lord,  216 
little  grebe,  28 
Livingston-Stouc.   25,    27,   28, 

31,  34,  37 
loach, 109 
local  races,  7 

Lochlevens  bull  trout,  190 
Lochlevens  changed  by  locality, 

220,  225 
Lochleven,  changes  of  colour  in, 
145 


Lochleven  char,  size  of,  242 

Lochleven  fishery,  229 

Lochleven  lake,  218 

Lochleven  partially  drained,  218 

Lochleven  restocked,  145,  218 

Lochleven,  stocking  of,  229 

Lochleven  trout,  11,  12,  144, 
145,  146,  190,  211,  217,  219 

Lochleven  trout,  Cffica  of,  188 

Lochleven  trout,  maxilla  in,  146 

Lochlevens  as  food,  230 

Lochlevens  breeding  with  Ame- 
rican char,  260,  262 

Lochlevens  breeding  with 
British  char,  263 

Lochlevens  breeding  with  fon- 
tinalis, 260,  202 

Lochlevens  breeding  with  sal- 
mon, 255,  258 

Lochlevens  breeding  with  sal- 
mon par,  259 

Lochlevens  breeding  with  sal- 
mon smolts,  258,  260 

Lochlevens  crossed  by  salmon, 
267 

Lochlevens  crossed  by  Struans, 
266 

Lochlevens  crossed  by  Zebra 
hybrids,  260 

Lochlevens  descended  from  sea 
trout,  220 

Lochlevens  deteriorate  to  brook 
trout,  226 

Lochlevens,  food  of,  219 

Lochlevens,  habits  of,  227 

Lochlevens  in  Gloucestershire, 
226 

Lochlevens,  life  history  of,  229 

Lochlevens  not  taking  a  fly,  230 

Lochlevens,  variety  of,  227 

Lochlevens,  varv,  23 

Loch  Killm  char,  238 

Lockington,  19 

Loch  Shin,  00 

locksper,  83 

locomotion,  14 

lower  jaw,  16 

lower  jaw,  hook  on  in  male 
salmon,  81 

lower  jaw  of  trout,  knob  on, 
180,  187 

Low's  trout,  151 

low  temperature,  cause  of 
monsters,  275 

lucidus,  Alburnus,  48 

Lucioperca,  47 

Luciotrutta,  3 

lucius,  Esox,  274 

McCloud  river,  25 

Mclvor,  Mr.,  225 

Mclvor,  introducing  trout  into 

India,  184 
macks,  58 
Magna     Charta,      on     salmon 

weirs,  120 
Maitland,  Sir  James,  V.,  28,  29, 

30,  254 
malformations  hereditary,  271, 

273 
malformations,  how   originate, 

271 
Mallotus,  2,  3,  4 


Malnigren,  Prof.  24 
maran,  2,  58 
marina,  Trutta,  149 
marked  fish  recaptured,  83 
marking  fish,  modes  of,  75,  76 
marking  kelts,  93,  95 
marking  salmon,  73,  93,  95,  129 
marks  of  trout,  151 
marsilii,  Salmo,  148 
marsiglii,  Fario,  183 
mathack,  59 
maxilla  of  Lochleven  trout,  140, 

220,  221 
maxilla  of  sea  trout,  155 
maxilla  of  trout,  221 
maxilla,    strength    of,   in    sea 

trout,  169 
may-fly,  grubs  of,  28 
may-peal,  161 
Meckel's  cartilage,  16 
Mersey,  salmon  of,  117 
mesh,  sizes  for  fishing,  136 
microps,  Salmo,  149 
micropyle  in  salmon  eggs,  77, 

106 
Microstoma,  3 
migrations  of  char,  241,  242 
migrations   of   salmon,  several 

yearly,  72 
migrations  of  trout,  173,  174 
Milne-Edwards,  29 
milter,  58 

milt  of  fontinalis,  251 
milt  of  trout  kept  alive,  210 
milt  from  dead  fish  deficient  in 

vitality,  78 
milting  eggs,  24 
milt  kept  in  bottle,  255 
minnow  in  hot  water,  21 
Mintern,  vii 
mistops,  Salmo,  104 
Mitchell,  248 
moffat-men,  58 
moudie  trout,  154 
mongrel  fish,  48 
monks  introducing  char,  241 
monks  introducing  grayling,  280 
monsters  among  fishes,  273 
monsters  by  excess  of  develop- 
ment, 272 
monsters   among    alevins    die, 

272 
monstrosities,  41,  271 
monstrosities,  divisions  of,  272, 

273 
monstrosities,  how  caused,  50 
moor-ged,  58 
Morgan,  Mr.,  144 
morgate,  58 
mort,  58,  154,  159 
Moselle,  1 

mosquitoes  killing  char,  212 
muddy  water,  effect  on  salmon, 

108 
Mudie,  49 
mud  in  water,  109 
muir  trout,  218 
mulach  corrie  trout,  186 
mules,  if  breed,  49,  50 
mule  trout,  184 
murneen,  240 
muscles,  17 
Musselburgh  trout,  179 
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Mylosimis,  2 
I^l'vletcs,  2 
Mylcus,  2 
Mytilus,  23 

namaycush,  Salmo,  247,  24i) 
Natural  Ilistorif  of  Ireland,  11 
Navcr,  lislicries  of,  130 
Ncilf^hcrry  Hills,  trout  on,  184, 

210 
Ncill,  A.  C.  Brisbane,  viii 
Ncinachcilus  barbatula,  109 
nerves,  17 
Nc3s  fisheries,  127 
nests  of  salmon,   how  formed, 

81 
net-and-cobble,  138,  140 
netting  trout  lakes,  212 
New  Zealand  rivers,  4 
New  Zealand  trout,  198 
New     Zealand    trout,    whence 

originated,  183 
Nichols,  Mr.,  144 
night  fishing  for  salmon,  137 
nigrescens,  Salmo,  247 
nigripinnis,  Salmo,  11, 187, 192, 

198 
nobilis,  Salmo,  51 
North  Esk,  fishing  in,  136 
Norway  bull  trout,  11 


par,  0,  11,  48,  o8,  82,  83,  80, 

87,  88,  109,  158,  1G2 
par,  ascending  rivers,  90 
parasites  on  salmon,  110 
parasitic   worms  destroyed   by 

cooking,  110 
par  bands,  18,  87,  177 
par  bands  in  Lochlcvens,  158 
par  bands  in  Salmouida\  171, 

172,  209,  270 
par  bands  in  sea  trout,  157 
par  bands  in  trout,  180,  227 
par  bands  modified  by  locality, 

270 
par  bands,  variation  in  number, 

158 
par  bands  varying,  172 
par  bands,  when  lost,  87 
par  becoming  smolts,  85,  90 
pai's,  breeding,  26 
par,  colours  of,  6 
par    descending   seawards,   87, 

88,  89,  90 

pars  dying  in  salt  water,  92 
parent    trout    of    stock    to   be 

selected,  209 
par,  female  never  give  eggs,  101 
par  female  with  ripe  ova,  101 
par  from  salmon  eggs,  85,  86 
par  head  figured,  52 
par,  habits  of,  84 


nourishment  affecting  breeding,    par'neH  5,11,22 


70 


obstructions,  137 

obstructions  injurious  to  sal- 
mon, 74 

obstructions  in  rivers,  72 

Odontostoma,  3 

Ogden,  Mr.,  35,  226 

ombre  chevaHer,  231,  240 

one-eyed  fish,  203 

Ootacamund,  trout  at,  184 

Ootacamund,  Lochlevens  at, 
225 

opercular  pieces,  16 

orange  fins,  154,  177 

orange  markings  on  SalmonidcB,    peal,  150,  167 


Parnell's  trout,  152 

par,  not  related  to  the  salmon, 

83,  84,  85 
Parodon,  2 

par,  rate  of  growth,  85 
pars,  all  males,  83,  85 
pars,  if    able  to  live    in    salt 

water,  92 
par,  marking,  87 
par,  teeth  in  vomer,  102 
par,  variations  of  size  in,  89 
par,  various  accounts  of,  83 
par,  whether  a  hybrid,  82,  84, 

85,86 
par,  young  of  salmon,  85 


143 

orange  stripes  in  sea  trout,  157 
orcadensis,     Salmo,     11,    146, 

192,  198 
Orkney  salmon,  192 
Orkney  trout,  192 
Osmerus,  2,  3,  4,  9 
Osmeroides,  4 
Onchorhynchus,  3 
Otago,  145 

Otago  trout,  colours  of,  184 
Otago,  trout  in  streams,  184 
otters  killing  salmon,  136 
oumcr,  279 
ova,  absoqjtion  in,  31 


peal,  food  of,  178 
peal,  head  of,  165 
peal  spawn,  168 
pectoral  fins  of  trout,  187 
Peel,  Mr.,  144 
Pennant,  5,  10,  47 
Pennant's  trout,  151 
Penobscot  salmon,  51,  105 
Perca  flavescens,  47 
Percoglossus,  3 
Percy  St.  John,  180 
perisii,  Salmo,  232,  237 
Perley,  248 

phinoc,  11,  149,  150,  151,  152, 
1.54,  1.59,  180 


ova  destroyed  by  May-fly  grubs,    phinoc,    Salmo,  10,  143,    150, 


28 
ova,  enemies  of,  28 
ova,  frees,  31 
ova,  fertilization  of,  28,  47 
ova,  how  transmitted,  32 
ova  of  trout,  208 
ova  on  moss,  32 
ova,  temperature  kept  in,  36 
oxyrhynchus,  Coregonus,  5,  286    Planorbis,  181 


152,  109 
Physa  fontinalis,  109 
Piabuca, 2 
Piabucina,  2 

pink,  58,  82,  87,  100,  280 
Piscicola  geometra,  46 
Pinchon,  Dom,  29 
plaice,  5,  48 


Plenty,  River,  28 
Pleuronectcs  flcsus,  5 
Pliny,  1 
plumb-line    fishing    for     char, 

235,  236 
podles,  111 
poisoned  salmon,  109 
poisonous  character  of  water, 

109 
pollan,  Coregonus,  5 
pollution  of  Scotch  rivers,  131 
ponds,  size  of,  29 
ponds,  trout  in,  230 
Pontoppidan,  .37 
pool -bound  salmon,  75 
Pouchet,  18 
powan  cater,  194 
preopercle    in    adult    salmon, 

147 
preopercle  in  Lochleven  trout, 

147,  220 
preopercle  in  Salmonida;,  147 
preopercle  in  salmon  trout,  147 

Prochilodus,  2 

Proceedings  Zoological  Societu, 
vii 

Pryse  Pryse,  Sir,  254 

pug, 58 

pug-peal,  161,  162 

pug -salmon,  162 

purpuratus,  Salmo,  7,  105,  202 

putchers,  139 

putts,  139 

puts  and  putchers,  68 

Pygocentrus,  3 

pyloric  appendages,  22 

pyloric  casca,  21 

quadricornis,  Cottus,  5 
Quatrefages  on  fish  monsters, 

273 
Queen's  gaps,  in  Irish  weirs, 

134 
quinnat,  Salmo,  27,  49 

rack,  204 
rack-rider,  58,  204 
rainbow  trout,  189 
rainbow  trout,  cjeca  of,  180 
rainfall  affecting  migration  of 

salmon,  64 
Ramsbottom,  31 
rappii,  Salmo,  183 
rapidity  of  growth  of  salmon, 

95 
Rasch,  Prof.,  48 
Ray,  10,  47,  151 
rays  of  tail  fin  in  sea  trout,  170 
Ray's  trout,  151 
recruits,  97 

red  char,  231,  232,  239 
red  charre,  237 
redd  of  grayling,  281 
redd  of  trout,  210 
redd  of  char,  244 
redd  of  fontinalis,  251 
redds,  artificial,  43 
redds  of  salmon,  how  formed, 

80,  81,  99 
red  fish,  55 

red  flesh  caused  by  food,  214 
red-spotted  trout,  247 
red  trout,  242 

20 
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reil-wame,  240 

respiration,  20 

retrievers,  97 

Retropinna,  3,  4 

Renter,  Dr.  0.,  7 

Ribble,  salmon  of,  117 

Richardson,  I'^i 

Richardson's  trout,  152 

rivers,  anadromous  period  of, 
61 

Rivers,  early  and  late,  59 

river  and  sea  trout  interchange- 
able, 189 

rivers  long  seasoned,  59 

rivers,  mode  of  ascent  by  sal- 
mon, 72 

rivers  short  seasoned,  59 

rivers  suited  for  grayling,  280 

roach,  48 

roach  injurious  to  trout,  215 

Roccus  lineatus,  47 

Rondeletius,  36 

Roosevelt,  Mr.  B.,  47,  49 

ronnal  char,  245 

round-tail,  154,  163 

Rowland,  Dr.  21(i 

rudd,  48 

runs  of  salmon  in  Severn, 
Forth,  Tweed,  and  Shin,  70, 
71 

St.  Hilaire,  50 

St.  Peter  and  salmon,  116 

Sacramento   river,   salmon   of, 

115 
Salanx,  3 
Salar,  9 

Salar  ausonii,  190 
Salar  ferox,  194 
salar,  Salmo,  10,  11,  24,  27,  51, 

143,  153 
salar,  Salmo,  how  differs  from 

other  Salmonida\  52 
salar,  origin  of,  1 
Salminus,  2 
Salmo,  3,  8,  231 
Salmo  albus,  10,  11,  143,  149, 

151,  152,  159,  166,  169,  177, 

228 
Salmo  alpinus,  7,  10,  11,  231, 

232,  237,  238 
Salmo  arcturus,  238 
Salmo   argenteus,    11,   51,   55, 

105,  149 
Salmo  ausonii,  183 
Salmo    brachypoma,    11,    143, 

150,  152,  169,  177 
Salmo  cfficifer,  190,  219 
Salmo  cambricus,  6,  10,  11,  48, 

143,  144,  150,  152,  153,  159, 

160,  164,  168,  169,  170,  181, 

182,  237 
Salmo  cinereus,  10 
Salmo  colli,  232,  238 
Salmo  confinis,  47,  49 
Salmo  cornubiensis,  192,  193 
Salmo  Cumberland,  218 
salmo  dying  out,  6 
Salmo  clentex,  183 
Salmo  eriox,  10,   11,   143,  149, 

150,  151,  152,  1-53,  159 
Salmo  estuarius,  11,  146,  189, 

191 


Salmo  fario,  6,  11,  48,  144,  146, 
180,  182,  183,  187,  190,  205, 
217,  219 
Salmo  ferox,  11,  148,  187,  192, 

193,  194,  197,  198,  233 
Salmo  fontinalis,  7,  10,  11,  23, 
24,  25,  49,  186,  202,  2.32,  233, 
240,  245,  247,  249 
Salmo  gaimardi,  11,  144 
Salmo  gairdneri,  196 
Salmo  galliveusis,  11,  114,  189, 

191,  198 
Salmo  glasbach,  162 
Salmo  goedenii,  149 
Salmo  gracilis,  51,  55 
Salmo  grayi,  232,  238,  239 
Salmo  griseus,  10,  1.50 
Salmo  hamatus,  51 
Salmo  hardinii,  104 
Salmo  hoodii,  247 
Salmo  hucho,  10,  149,  151 
Salmo  irideus,  19,  48,  49,  189, 

196 
Salmo  killinensis,  232,  238 
Salmo   lacustris,   11,  104,   148, 

183,  193 
Salmo  lemanus,  183,  219 
Salmo  leveneusis,  11,  190,  198, 

218,  220 
salmon  management,  247,  249 
Salmo  marsilii,  148 
Salmo  microps,  149 
Salmo  mistops,  104 
salmon,  10,  192 
Salmona,  1 
Salmonata,  149 
salmonata,  Trutta,  10 
salmon    alarmed,  leave     their 

course,  68 
salmon,  analyses  of,  141 
salmon  and  grilse  how  differ,  94 
salmon  and  trout  hybrids   are 

migratory,  106 
salmon   annihilated   in   rivers, 

115 
salmon,  annual  breeders,  78 
salmon, artificial  propagation  of, 

78 
salmon     ascending    rivers    for 

breeding,  66,  73 
salmon  ascending  rivers  on  ebb 

tide,  68 
salmon    ascending    rivers     on 

flood  tide,  68 
salmon,    ascent    of,    how     in- 
fluenced, 60 
salmon  as  food,  140 
salmon  as  food  for  apprentices, 

112,  113,  114 
salmon,  autumn  migration  of,  66 
salmon,  bait  for,  107 
salmon  bill  of  Irish  nationalists, 

134 
salmon   breed   alternate  years, 

74,  78,  79,  95,  97,  106 
salmon  breed  every  third  year, 

78 
salmon  breed  in  first  year,  84 
salmon,  breeding  of,  76,  77,  78 
salmon    breeding    with    Loch- 

levens,  255,  258 
salmon  breed  in  salt  water,  99 
salmon  breed  once  in  lifetime, 78 


salmon  breed  without  going  to 

the  sea,  99,  101,  102 
salmon,  brown,  109 
salmon  bull  trout,  11 
salmon,  causes  of   destruction 

among,  109,  110,  111 
salmon  clean, ascending  river,  69 
salmon,  close  time,  60 
salmon,  colours  of,  54,  144 
salmon,  cost  of,  112,  113,  114 
salmon  crossed  by  Lochlevens, 

267 
salmon  cured,  140 
salmond,  217 
salmon,  decrease  of,  115 
salmon  descending  rivers,  74 
salmon     deteriorate     in    fresh 

water,  5,  6 
salmon  detained  in  fresh  water, 

100,  101,  102 
salmon  disease,  123 
salmon,  differences  in  size,  56 
salmon  do  descend  rivers,  74 
salmon  do  not  descend  rivers,  74 
salmon,  do  they  spawn  in   the 

sea,  36 
salmon,  differences  in  weight,55 
salmon    driven    away    by   sea 

trout,  67 
salmon  dying  out  of  a  river,  67 
Salmones,  2,  9,  10,  11,  186 
salmonea,  Lerneopoda,  110 
salmon,  early  race,  57 
salmon   eggs  fertilized    before 

extrusion,  77 
salmon  eggs,  micropyle  in,  77 
salmon  eggs  fertilized  by  smolts, 

84 
salmon  eggs  not  hatch  in  salt 

water,  59 
salmon  eggs,  number  of,  78 
salmon  eggs,  weight  of,  78 
salmon  exterminated,  2 
salmon  exterminated  in  rivers, 

112 
salmon,  feeding  in  fresh  waters, 

108 
salmon,  fins  of,  54 
salmon   fisheries   of    Scotland, 

tenure  of,  130 
salmon  fisheries,  forces  at  work 

in,  119 
salmon  fisheries  in  Thames,  116 
salmon  fisheries,  Irish,  133 
salmon,  food  of,  100,  107 
salmon-fry,  58,  83 
salmon- fry,  migrations  of,  84 
salmon-fry,  penalty  for  taking, 

83 
salmon,  growth  of,  84 
salmon,  habits  of,  59 
salmon,  homing  instinct,  66,  67 
salmon,  how  enter  rivers,  68 
salmon,  how  land-locked,  5 
salmon,  how  nourished  in  rivers, 

69 
salmon  hybrids,  49,  83 
Salmonidffi,  4 
Salmonidos,  ancestry  of,  4 
Salmonida\  migrations  of,  4 
salmon  imi^ounded,  30 
salmon,  is  the  (fuantity  decreas- 
ing, 112,  116 
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salmon,  its  habitftt,  1 11 

salmon  kitted,  111 

salmon,  knob  on  lower  jaw,  jj? 

salmon,  land-locked,  G 

salmon,  laws  respecting,  119 

salmon  leaps,  7H,  12H 

salmon  legislation  ruinous,  133, 

134 
salmon,  lingual  teeth,  51 
salmon,  local  breeds  of,  5() 
salmon,  local  races  of,  5G 
salmon,  marking  of,  12!) 
salmon,  means  of  capture,  135 
salmon  migrating  from  tidal  to 

fresh  water,  G9 
salmon   migrating,   sexes    dis- 
tinct, 73 
salmon  migrating  up  rivers,  66, 

68 
salmon,  migrations  of,  59 
salmon,  netting  in  dry  seasons, 

137 
salmon  never  revert  to  infantile 

food,  70 
Salmo  nigrescens,  247 
salmon,  night  fishing  for,  137 
►Salmo  nigripinuis,  11, 187, 192, 

198 
Salmo  nobilis,  51 
salmon,  oil  in,  141 
salmon,  old  male,  head,  52 
salmon,  origin  of  term,  2 
salmon  parasites,  59,  110 
salmon  par  in  salt  water,  185 
salmon  par  breeding  with  Ame- 
rican char,  2G0 
salmon  par  breeding  with  fonti- 

nalis,  260 
salmon  par  breeding  with  Loch- 

levens,  259 
salmon  peal,  10,  58,  87 
salmon,  i^ool-bound,  75 
salmon,  rapidity  of  growth,  95 
salmon,  rate  of  progress  ascend- 
ing rivers,  73 
salmon  retained  in  fresh  water, 

99 
salmon  rivers,  2 
salmon  rivers,  stock  in,  119 
salmon   rivers,  their  preserva- 
tion, 123 
salmon,  salted,  114,  115 
salmon,  scales  of,  54 
salmon-scurf,  154 
salmon,  sexual  distinctions,  57 
salmon  shoals  coasting,  66 
salmon,  size  captured,  141,  142 
salmon-smelt,  83 
salmon  smolt,  36,  59 
salmon    smolts    breeding    with 

Lochlevens,  258,  2()0 
salmon  spawn  every  third  year, 

65 
salmon  spawning  time  altered, 

63 
salmon     spawn     on     alternate 

years,  65 
salmon  spawn   on  consecutive 

seasons,  64 
salmon-spring,  58 
salmon-spotted  bull  trout,  11 
salmon,  statistics  of,  112,  117, 
118 


salmon  strikes,  58 
salmon,  supply  limited,  115 
salmon,  tail  tins  at  various  ages, 

53 
salmon  taken  trolling,  108 
salmon,  tcMupcraturo  of,  9 
salmon,  term  fur  bull  trout,  67 
salmon,   tlieir  limits  of   repro- 
duction, 106 
salmon-trout,  11,  149,  150,  151, 

154 
salmon-trout  a  hybrid,  154 
salmon-trout  from  Teith,  155 
salmon-trout,  head  of,  154 
salmon-trout,  tail  fin  of,  156 
salmon,  teeth  of,  53 
salmon-trout,  teeth  on  vomer, 

156 
salmon,  unclean,  98 
salmon,  unseasonable,  98 
salmon,  value  to  rod  tishers,  112 
salmon,  varieties  of,  55,  56 
salmon,  where  found,  141 
salmon,  who  obtain  them,  112 
salmon,  with  three  heads,  55 
Salmo  orcadensis,  11,  146,  192, 

198 
Salmo  perisii,  232,  237 
Sahno  phinoc,  10, 143, 150,  152, 

169 
Salmo  purpuratus,  7,  105,  202 
Salmo  quinnat,  27,  49 
Salmo  rappii,  183 
Salmo  salar,  10,  11,  24,  27,  51, 

143,  153 
Salmo  salmo,  51 
Salmo  salmulus,  10,  51,  86,  91 
Salmo  salvelinus,  231,  232,  237, 

239 
Salmo  stomachicus,  11,  195, 198 
Salmo   struauensis,    232,    238, 

239 
Salmo  taurina,  190 
Salmo  taurinus,  218 
Salmo  thymallus,  278 
Salmo  thymus,  278 
Salmo  trutta,   6,    10,  11,    104, 

143,  144,  146,  149,  151,  152, 

158,  159,  162,  167,  168,  169, 

182,  190 
Salmo  truttula,  149 
Salmo   umbla,    231,   232,  237, 

238,  239 
Salmo  variabilis,  183 
Salmo  venernensis,  51, 104,  148 
Salmo  willoughbii,  232,  238,  239 
salmulus,  10 
salmulus,  Salmo,  10,  51,  83,  86, 

91 
salters,  250,  252 
salt  water  and  salmon  par,  185 
salt  water,  bred  in  by  salmon,  99 
salt  water  fatal  to  salmon  eggs,  80 
salt  water,  salmon  eggs  in,  79, 80 
salt  water,  sea  trout  eggs  in,  79 
Salvelini,  6,  9,  11 
Salvelinus  alpinus,  237 
salvelinus,  Salmo,  231,  232,  237, 

239 
samlet,  10,  11,  58,  83,  99 
samlets  if  hybrids,  86 
samsons,  91 
sand-eels,  bait  for  salmon,  140 


saprolegnia  attacking  gi-ayling, 

285 
Sajjrolegnia  ferax,  33,  97,  103, 

110,  111 
Sai)rolegiiia  fcrax,  Murray  on, 

111 
saumon,  58 
Saurida,  3 
Saurus,  3 
scagger,  86 
scale,  diamond,  54 
scales,  18 

scales  of  char,  233,  210 
scales  of  Salmonida-,  271 
scales  of  trout,  199 
scales  reproduced,  18 
sceota,  204 

schift'crmiilleri,  Trutta,  183 
school  peal,  162 
Scope,  48 
Scopelus,  3 
Scotch,  crown  rights  to  salmon, 

130 
Scotch  fishery  laws,  125 
Scotch,  free  passage  for  salmon, 

131 
Scotch  salmon  fisheries,  124 
Scotch  salmon  laws,  130,  131 
scurf,  149,  151,  152,  154,  158 
scurf,  head  of,  158 
scurf,  tail  fin  of,  156 
scurve,  154 
sea  fish  becoming  residents  of 

fresh  water,  5 
sea  and  fresh-water  trout  one 

species,  143 
sea,  salmon  forced  to  spawn  in, 

79 
sea,  salmon  not  spawn  in,  79 
season  of  char,  242 
sea  trout,  10,  11,  143,  150 
sea   trout  and  bull  trout,  how 

differ,  181 
sea  trout  and  fresh-water  trout, 

varieties  of  one  species,  182 
sea  trout,  angling  for,  175 
sea  trout  as  food,  179 
sea  trout  breeding,  175,  176, 177 
sea    trout,    close    season    sus- 
pended, 180 
sea  trout,  colours  of,  157 
sea  trout,  diseases  of,  180 
sea  trout  driving  out  salmon, 

67 
sea  trout,  eggs  incubated,  146 
sea  trout,  food  of,  178,  179 
sea  trout,  growth  of,  178 
sea  trout,  habitat,  180 
sea  trout,  habits  of,  173 
sea  trout,  hatched  at  Howietoun, 

146 
sea  trout  in  fresh  water,  143 
sea  trout,  land-locked,  190 
sea  trout,  legislation  for,  180 
sea  trout,  life  history  of,  177 
sea  trout,  means  of  capture,  175 
sea  trout  migrating,  178 
sea   trout,  migrations  of,  173, 

174 
sea  trout,  names  of,  154 
sea  trout.  Northern  race,  149 
sea   trout   passing  I  into    fresh- 
water species,  1-82 
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sea    trout,    some    young    not 

migratory,  177 
sea  trout.  Southern  race,  150, 

160 
sea  trout,  tail  fins  of,  156 
sea  trout,  variations  of  colour 

in,  171 
sea  trout,  varieties  of,  172 
sea  trout,  young  of,  177 
sea  trout,  Welsh  names  of,  102 
Sebago  salmon,  51 
segregation  of  fishes,  30 
seine  nets,  138 
Serrasalmus,  2 
Serres  on  fish  monsters,  273 
Seth  Green,  35,  36 
set  nets,  139 
Severn,  river,  28 
Severn,  salmon  of,  118 
sewin,  10,  11, 143, 144, 150, 151, 

152,  161,  162,  176 
sewin,  habits  of,  164 
sewin,  head  of,  160 
sewin  hybrids,  48,  144 
sewin  in  shoals,  176 
sewin  selecting  rivers,  174 
sewin,  tail  fins  of,  163 
sewin,  teeth  on  vomer  of,  163 
sexual   distinctions,  sea   trout, 

172 
shad,  5 

Shannon,  fisheries  of,  135 
Shaw,  29,  31,  48,  158 
shed,  58 
shedder,  58 
sheets,  279 
shiags,  58 

Shin,  captures  of  grilse  in,  94, 95 
Shin,  captures  of  salmon  in,  94, 

95 
shot,  204,  279,  280 
shrimps  for  salmon  fishing,  130 
shutts,  279 
Sibbald,  Sir  R.,  217 
Sibbald's  trout,  151 
sil-bodiam,  162 
silver-grays,  154 
silver-whites,  154 
silvery  coat  in  Salmonida3,  220 
silver  char,  235,  239 
silvery  fontinalis,  249 
silvery  livery  of  smolts,  90 
silvery  trout,  190,  191,  195,  201 
simen,  58 

Sim,  Mr.  G.,  on  trout  ca;ca,  188 
simple  monsters,  276 
size  of  Lochlevens,  230 
skegger,  58,  83,  99 
skegger  trout,  83 
skeleton,  14,  15 
skerling,  58,  83,  84,  118 
skin,  18 
skull,  16 
slats,  58,  96 

sluggish  water,  effects  of,  35 
small  meshed  nets,  120 
smell,  19 

smelt,  3,  5,  58,  159 
smelt-sprods,  154 
Smith,  Dr.  F.  A.,  237 
smolt,  58,  87,  90, 102 
smolts,  autumn   migration  of, 

90,  91,  92 


smolts,  colours  of,  55 

smolts,  descending  seawards, 
87,  88,  89,  90,  92 

smolt  eggs  fecundated,  103 

smolt  eggs  milted  from  pars, 
103 

smolt  eggs  milted  from  trout, 
103 

smolts,  how  descend  rivers,  74 

smolts,  killing  of,  laws,  131 

smolts  in  sea  water,  90 

smolts,  large,  26 

smolts  migrating,  93 

smolts  reasceud  as  grilse,  92 

smolts  taken  in  November,  133 

smolt  with  ova,  102,  103 

smouts,  83 

snow-fed  rivers,  effects  on 
migration,  61 

snow  water,  effects  on  salmon 
spawning,  64 

soles,  5 

Solway,  fixed  engines  in,  illegal, 
132 

Solway  migratory  trout,  11 

Solway,  salmon  of,  117 

sparling,  58 

spawn,  23,  58,  162 

spawning  affected  by  nourish- 
ment, 70 

spawning  die  after,  salmon,  96 

spawning  grounds  for  salmon, 
80 

spawning,  how  artificially  done, 
30,  31 

spawning  of  salmon,  77,  81 

spawning  salmon,  too  many  in 
river,  133 

spawning  time  of  salmon,  61, 
62,  04 

spawning  time  changed  in 
rivers,  61,  62 

spawning  trap  for  trout,  30 

spearing  salmon,  136 

species,  7 

species,  utility  of  knowledge  of, 
50 

speckled  trout,  247 

spermatozoa,  23 

spermatozoon  deformed,  272, 
273 

Spey,  fisheries  of,  128,  129 

spines  affected,  277 

splash  nets  for  bull  trout,  181 

spotted  troutlet,  247 

sprag,  58 

spraid,  59 

sprats,  58 

sjjring-rua  fish,  90 

spring  tides  affect  salmon  mi- 
grating, 72 

sprods,  58,  150,  154,  159 

sprod,  angling  for,  175 

sprod,  fiesh  of,  159 

stage  nets,  139 

stake  nets,  140 

stake  nets  commenced  in  Scot- 
land, 132 

stake  nets  for  salmon,  124 

sterile  trout,  144,  210 

sterility  of  eggs  due  to  imma- 
ture parents,  78 

sterility  of  salmon,  106 


sterility  from  deficiency  of  food, 

70 
Stoddart,  159 
stomachicus,    Salmo,    11,    195, 

198 
stomach  of  gillaroo,  194 
stomach  of  salmon  empty,  107 
stomach  of  trout  thickened,  189 
stomach  thickened  in  trout,  203 
stop-net,  139 

Stormontfield  ponds,  29,  127 
stiUing,  138 
streamer,  58 

stocking  with  young  fish,  45 
stromii,  Lepeoptheirus,  110 
struanensis,   Salmo,   232,    238, 

239 
Struans  crossed  by  British  char, 

266 
Struans  crossed  by  Lochlevens, 

266 
Struans  crossed  by  Struans,  265 
Struan  hybrids,  263,  264 
sturgeon,  141 
sucker,  5 
summer-cock,  58 
Sutherlandshire    salmon    fish- 
eries, 129 
Swaledale  trout,  195 
sweep-nets,  138 
Sweden,  breeding  of  Salmonidaa, 

27 
swim-bladder,  20 

tadpoles,  37 

tail- fin  affected,  277 

tail-fins  of  brook  trout,  199 

tail-less  trout,  203 

tails,  heterocercal,  13 

tails,  homocercal,  12 

tails  of  Lochlevens,  222 

Talitrus  locusta,  178 

tapeworms,  110 

tarr-dhearg,  240 

Tasmania,  7 

Tasmania,  trout  for,  22,  27,  28 

taste,  19 

taurina,  Salmo,  190 

taurina,  Trutta,  180 

taurinus,  Salmo,  218 

Tay,  fisheries,  120 

Tay  Navigation  Act,  effects  of, 
127 

Tay,  river,  29 

tecon,  58,  83 

teeth  in  Salmonida3,  21 

teeth  nearly  absent  in  a  trout, 
203 

teeth  of  Lochlevens,  222,  223 

teeth  of  trout,  155 

teeth,  vomerine,  6,  10 

Teifi,  river,  216 

telara,  Engraulis,  5 

tcmi^erature  and  food,  how  con- 
nected, 63 

temperature  for  incubation,  35 

temperature  of  rivers  affecting 
time  of  migration,  63,  64,  68 

temijerature  of  salmon,  9 

tench,  48 

Tetragonopterus,  2 

Tetrodon  cutcutia,  5 

Thaleichthys,  3 
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Thames,  salmon  of,  IIG 

thickly  spotted  bull  tiout,  11 

thirst,  17 

Thomas,  Mr.,  225 

Thompson,  11 

Thompson     on    monstrosities, 

271 
Thompson's  trout,  152 
tlircc  heads  on  salmon,  55 
Thurso,  lisherios  of,  180 
Thvraallus,    1,   2,   9,   19,   278, 

27'J 
thymallus,  Corcgonus,  278 
Thymalus  gpnnothorax,  278 
Tliymailus  vexilhfer,  278 
Thymallus  vulgaris,  278 
thymallus,  Salnio,  278 
Thyme-like  odour,  1 
thymus,  Salmo,  278 
tidal  influence,  salmon  spawn- 
ing within,  79 
tides  spring,  affect  salmon  mi- 
grating, 72 
Tinea  vulgaris,  48 
tobbs,  161 
Tometes,  2 

torgoch,  231,  237,  240 
Totness  weir,  179 
touch,  18 
travelling,  preparing  fish  for, 

45 
trays,  hatching,  32 
triotht,  204 
troughs,  1(J7 
trout,  10,  47,  143 
trout  alevins,  colours  of,  210 
trout  almost  toothless,  203 
trout  annual  spawners,  209 
trout  artificially  fed,  206 
trout  as  food,  213 
trout  becoming  sterile,  144 
trout  breeding,  208,  209,  210 
trout,  brook,  habits  of,  204 
trout,  brook,  food  of,  204,  205, 

206,  207 
trout,  cffical  appendages  in,  148, 

188 
trout,  caudal  fin  in,  146 
trout,  colours  of,  vi,  144,  147, 

185,  186,  201,  202 
trout,  colour  of  fiesh,  179 
trout,  colours  variable,  182 
trout,  crooked  backs,  203 
trout  culture,  29 
trout,  deformed  race,  203 
trout,  divisions  of,  v,  vi 
trout,  domesticated,  28 
trout  eat  grayling  ova,  207 
trout  eggs  sent  to  Otago,  183 
trout  estuary,  191 
trout,  Fordwich,  170 
trout,  forms  of  in  fresh  water, 

189 
trout,  fresh-water,  190 
trout,  fresh-water,  colours  sil- 
very, 185 
trout  from  Irish  lochs,  299 
trout  from  New  Zealand,  198 
trout,  great  lake,  11 
trout,  half    annual    spawners, 

209 
trout  hatching  by  Jacobi,  208 
trout,  how  ascend  rivers,  71 


trout  hybrids,  49,  144 
trout  in  hot  water,  20,  21 
trout,  increase  in  size,  184 
trout  in  mountain  streams,  213 
trout  in  sea  water,  185 
trout  in  spawn  in  June,  209 
trout,  instinct  in,  213 
trout  in  Tasmania,  144 
trout  in  thunderstorms,  204 
trout,  knob  on  lower  jaw,  186, 

187 
trout,  local  races  of,  182 
trout,  Lochleven,  8,  217 
trout,  long-lived  fish,  213 
trout,  many  local  races,  143 
trout,  modes  of  capture,  207 
trout,  par  bands  in,  210 
trout-peal,  162 
trout,  pectoral  fins  of,  187 
trout,  races  crossed,  189 
trout,  races  of,  vi 
trout,  scales  of,  199 
trout,  silvery  colour,  144,  145, 

201 
trout,  smolt  stage  in,  145 
trout  spawning  in  ponds,  209 
trout  uneasy  at  breeding  time, 

228,  229 
trout,  varieties  of,  185 
trout,  vertebriB  of,  189 
trout  with  deformed  gill-covers, 

203 
trout  with  one  eye,  203 
trout  without  tails,  203 
trout  yellow  from  the  sea,  191 
trow,  138 

truff,  150,  161,  166,  167,  168 
truff,  head  of,  166 
truff,  tail  fin  of,  156,  163 
truht,  204 
truites,  2 
Truttffi,  2,  9,  11 
Trutta  fario,  190,  193 
Trutta  ferox,  193 
Trutta  fluviatilis,  10,  190 
Trutta  lacustris,  183 
Trutta  marina,  149 
trutta,   Salmo,   6,   10,  11,  104, 

143,  144,  146,  149,  151,  152, 

158,  159,  162,  167,  168,  169, 

182,  190 
trutta,  Salmo,  colours  of,  55 
Trutta  salmonata,  10,  149 
Trutta  schiffermiilleri,  183 
Trutta  taurina,  180 
trutta,  Trutta,  149 
truttula,  Salmo,  149 
turbot,  5,  48 
Turton,  10 
Turton's  trout,  151 
twbbyn,  161 
twb-y-dail,  101 
twbs,  161 
Tweed  Act,  132 
Tweed  fisheries,  125 
Tweed  salmon  fisheries,  114 
Tweed  Salmonidie,  146 
Tyne,  salmon  of,  117 
Tyrer,  Mr.,  35 

umber,  280 

umbla,   Salmo,  237,  238,   239, 
231,  232 


unclean  salmon,  98 

unimpregnated  eggs,  260 

unseasonable  salmon,  98 

unspawned  salmon,  98,  99 

upper  jaw,  l(i 

upper  proprietors  get  few  sal- 
mon, 124 

urbhreac,  59 

urinary  organs,  22 

Usk,  118,  119 

Usk  become  an  earlier  river, 
120 

Usk,  how  become  an  earlier 
river,  63 

Usk  not  become  an  earlier 
river,  118,  120 

Valentin  on  causes  of  monsters, 

275 
value   of   Scotch   salmon   fish- 
eries, 124 
Valvata  piscinalis,  109 
valves  of  intestines,  22,  54 
Van  Diemen's  Land,  42 
variabilis,  Salmo,  183 
varieties,  7 

varieties  of  sea  trout,  172 
venison  of  the  waters,  213 
venernensis,    Salmo,    51,    104, 

148 
vertebree,  15 
vertebrae  may  vary  in  number, 

16 
vertebra?,  number  of,  8 
vertebra?  of  sea  trout,  172 
vertebra;  of  char,  233 
vertebriB  of  trout,  189 
vexillifer,  Thymallus,  278 
Vogt,  22,  39,  40 
vole,  28 

vomerine  teeth,  6 
vomerine  teeth  falling  out,  147 
vomerine  teeth  in  brook  trout, 

197 
vomerine    teeth   in    sea   trout, 

160,  162 
vomerine   teeth  in   trout,    146, 

147,  155,  156 
Vrasski,  31 
Vrolik   on   monstrosities,    271, 

275 
vulgaris,  Carassius,  48 
vulgaris,  Thymallus,  278 
vulgaris.  Tinea,  48 

Warkworth  trout,  152 

water  crossing  weirs,  121 

water  fatal  to  milt  or  ova,  210 

water  for  incubation,  32 

water,  high  temperature  of,  109 

water,  muddy,  109 

water  ouzel,  28 

water,  pollutions  of,  39 

water  rat,  28 

water,  poisonous  character,  109 

water  thyme,  279 

Y.-ater  when   heated,  effects  of, 

20 
weirs,  137,  138,  140 
weirs  illegal,  120 
weirs  in  Magna  Cliarta,  120 
,    weirs,  Ireland,  133 
Wenern  salmon,  104,  105 
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Wenern,  Lake  of,  3 

West  char,  237 

Wetheied,  Mr.,  39,  277,  282 

White,  11 

white-fish,  150,  162,  167,  168 

white-fish,  head  of,  165 

white-fish,  tail  fin  of,  1G3 

white  salmon,  10 

white  trout,  11,  149,  150, 

154,  165,  249 
White's  trout,  152 
whitelings,  159 
whiting,  154,  159 
whitling,  85,  149,  150,  152, 

156,  159,  189 
whitling,  head  of,  159 
whitling,  series  of,  159 
whitling,  tail  fin  of,  156 


151, 


154, 


whitling,  teeth  on  vomer,  156 

Widegren,  13 

Widegren's  trout,  152,  153 

wild  thyme,  279 

Wilmot,  Mr.,  30 

Willis-Bund,  viii 

willoughbii,    Salmo,   232,    238, 

239 
W^illoughby,  10,  19,  47,  48 
W^illoughby's  charr,  238 
W^illoughby's  trout,  151 
Windermere  char,  237 
Windermere    char    introduced, 

241 
Wye,  salmon  of,  118 

Xyphorhynchus,  3 
Xyphostoma,  3 


Yare,  140 
Yarrell,  11,  29 
Yarrell's  trout,  152 
yearling  trout,  213 
yellow  fins,  154,  177 
yellow  trout  in  estuaries,  191 
yellow  trout,  young  of,  177 
Youl  and  trout  eggs,  183 
Youl,  Mr.,  experiments  by,  42 
Young,  Andrew,  29,  48 
young  trout,  food  of,  211,  212 

Zebra  hybrids,  260,  262 

Zebra  hybrids  crossed  by  Loch- 

levens,  266 
Zebras,  266 
Zoological  Eecord,  C 
zoosperms,  23 


ERRATA. 

Pa-e  32,  U  lines  from  bottom,  ^^  "  bastoderm,"  read  "blastoderm. 
^^     95,19      „        „  „         „    "next  year,"      „     "same  year." 

,,111,35      „        „  „         .   "beaked,"  „     "backed." 

,,125,28      „        „      top,         „    "diseases,"  „     '^'^ decreases." 

„  183,20      „        „      bottom,  „    "  o,"  „     "of." 
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Fig  1.  SKULL  OF  MALE  SAI.MOn  . 
T13 .  2  .  SKULL  OF  MALE    BROOK  TROUT,  16  lb  WEIGHT 
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